Dow Agrobciences LLC s Response to Objections to EPA’s Denial of Petition
to Revoke All Tolerances and Cancel All Registrations for Chlorpyrifos

Submitted by:
Dow AgroSciences LLC
9330 Zionsville Rd
Indianapolis, IN 46077
Date:

August 27, 2018

ED_002962_00002792-00001



TABLE OF CONTENTS

Page

L INTRODUUTION ittt aete et 2kttt st e s s e st nsa s nees i
IL EXECUTIVE SUMMARY Lot cccenensnie e s cconasnnanans 1
Hi. REGULATORY HISTORY oot sn s 6
IV, CHLORPYRIFOS IS CRITICAL TO GROWERS. .o 12
A, Chlorpyrifos Is an Essential Agricultural Crop Protection Tool oo, 12

B. Loss of Chlorpyrifos Uses Would Have Significant Negative Impacts on
5212 U OO SO R USSR U RO O UTUUSUURUTUPRRURUR 13

Y. SCIENTIFIC FRAMEWORIK: THE CURRENT REGULATORY
STANDARD FOR CHLORPYRIFOS IS BASED ON DECADES OF SOLID
SCTENCE . i et et a0 ceto s eronea e 14

A EPA Has a Robust and Complete Set of Animal Toxicology Data that
Supports its Current Safety Determination; Recent Experimental
Toxicology Studies Reviewed by EPA and the California DPR Do Not

Support Any Changes to that Standard.. ..o 14
B. In Vitro Studies Do Not Create Uncertainty With Respect to the Current

Regulatory Standard for Chlompyrfos. ..o crecieen 16
. There Is No Reliable Science to Support a Mode of Action Other Than

Cholinesterase InhibItIon. v s e 19
D Reliance on Prior EPA Dose Reconstruction for Exposure Assessment

Does Not Lead to Reliable Resudis. oo 20

VI.  EPIDEMIOLOGICAL STUDIES ARE NOT RELIABLE ENOUGH FOR
REGULATORY DECISION-MAKING AND SHOULD NOT IMPACT

THE CURRENT REGULATORY STANDARD. ... 21
Al The Cord Blood Measurements in the Columbia Study Are Not Valid or

Reliable, and Any Published Conclusions Drawn from Those
Measurements are Therefore Not Valid or Reliable {or Regulatory

DeCisION-IIAKINIZ. . veiiiec e re st aa bt en et 22
1. The 2008 and 2016 SAP Heavily Criticized the Validity and Reliability of

the Columbia Study’s Cord Blood Measurements. i 22
il. The Columbia Study’s Conclusions Are Not Valid or Reliable Because

they are Primarily Based on the Deficient Cord Blood Measurements. ............. 25
1. A New Analysis of Data from a Columbia Study Publication Casts Further

Doubt on Columbia SMdy’s FINQINES. i necccee e 27
v, EPA Recently Recognized the Shortcomings of Epidemiology Studies in

the Case 0T FIUoride. .o nrce e 28

1

ED_002962_00002792-00002



B. The Absence of the Raw Data Underlving the Epidemiology Studies
Precludes Reliance on These Studies to Change the Current Regulatory

SEANAATGL oot ccee e ettt b ekt e ettt ent e aetsesaesne s 29
C. Even if the Cord Blood Results were Reliable and Valid, Several Factors

Other than Exposure to Chlorpyrifos Can Explain the Effects Purportedly

Observed in the Columbia SImdy. et ceeieans 34
D. Other Epidemiology Studies Do Not Support the Columbia Study’s

FIIEIES oot cereen it cecreantan e e e eateanba s e e e e essb e e s ke etk eassaaens et et e sa e sn etk eenneseaeener e 36

VI LEGAL FRAMEWORK .ttt e resne e 39

A The FQPA and FFDCA, Including the Safety Factor Provision, Are Not

Statutes Based on the Precautionary Principlé......ccoovvviiciiicn e 39

B. The Agency Must Have Valid, Reliable Data to Make Regulatory
Decisions, Including To Set a Safety Factor. .o 40

C. EPA Addressed the FOPA’s 10X Safety Factor Provision by Relyingon a
Robust Set of Animal Toxicological Data that Accounted for Children’s

SUBCEPIIDIIIY oottt ettt st ke et cceeannr s 42
D. EPA Cannot Rely on the Epidemiology Studies for Regulatory Decision-
Making without the Underlymg Raw Data. e 43
VIII. DAS’S SPECIFIC RESPONSES TO THE OBJECTIONS v 45
A The Objections Misrepresent the Scientific and Regulatory History for
CRIOIPYIIIOS. 1ottt et nee s a e ctn e e nnn e e enee 45
B. Chlorpyrifos Does Not Present a Volatilization Risk at the Current
Regulatory S1andard.. otk 49
C. Petitioners Misrepresent the 2008 SAP s Findings. oo, 51
D. Petitioners Rely on a Declaration by Dr. Philip Landrigan That 15 Replete
With Errors and Incorrect ASSUmMpPliONS. v ccciereneece s snesne s 52
E. Petitioners Wrongly Assert that EPA Has Found Unsafe Drinking Water
Contamination from ChIorpyrifos. et 56
F. The Petition Does Not Shift the Burden to EPA to Again Prove that
ChIorpyrifos 18 Sae. oottt 36
IX. CONCLUSION L cce sttt rta et e eataatr e st s eraneaesaeescaneaaaeeeeenseneene 59
APPENDICES

Appendix A: Analysis of Additional Animal Toxicology Studies

Appendix B: A Commentary on Some Epidemioclogy Data for Chlorpyrifoes by Toxicology
Excellence for Risk Assessment

il

ED_002962_00002792-00003



Attachment A:
Attachment B:
Attachment C:
Atftachment I};
Attachment E:

DECLARATIONS

Declaration of Dr.

Declaration of Dy
Dieclaration of Dr
Declaration of Dr

Declaration of Dr

Jennifer Seed
. James Bus

. Jeffrey Driver
. Carol Burns

. Gregory Bond

11

ED_002962_00002792-00004



L INTRODUCTION

On March 29, 2017, the U.S. Environmental Protection Agency ("EPA™ or the “Agency™)
issued an order denying an administrative petition (the “Petition”) to revoke all tolerances and
cancel all registrations for chlorpyrifos. EPA denied the Petition on the grounds that the
scientific evidence was not sufficient to support the relief requested and required further study.

On June 5, 2017, Pesticide Action Network (“PAN")YNatural Resources Defense Council
(“"NRDC™) ef ol and the Attorneys General of the States of New York, Washington, California,
Massachusetts, Maine, Maryland, and Vermont (individually “Petitioners” and collectively the
“States™), and others, submitted objections to EPA’s order denying the Petition (collectively the
“Objections™).’ Dow AgroSciences LLC (“DAS") submits this Response to Objections in
support of EPA’s denial of the Petition and to clarify the scientific and factual record.

As set forth herein, EPA’s Order correctly denied the Petition because there s an
extensive and complete set of animal toxicology data that supports the current regulatory
standard for chlorpyrifos. EPA’s Order correctly recognized that its recent assessments and
proposals with respect to chlorpyrifos were part of its non-binding agency deliberations and were
based on inconclusive science that 1s not sufficient to support a change in the current regulatory
standard for chlorpyrifos. The epideniology and other studies advocated by the Petitioners are
not reliable, consistent in their findings, nor valid for purposes of regulatory decision-making,

and the Objections to the Order are otherwise meritless.

il EXECUTIVE SUMMARY

For nearly fifty years, EPA has set a Point of Departure ("PoD™) for chlorpyrifos based
on cholinesterase inhibition.” This conservative and health-protective endpoint remains the gold
standard used by regulatory bodies around the world, including the Furopean Food Safety

Authority (“EFSA™) and the World Health Organization (“WHO"). Indeed, just over a vear ago,

"'"The District of Columbia joined in the States” objections on August 17, 2017.

% For chlorpyrifos, acetvicholinesterase (“AChE"} inhibition (“ChEI") is the mode/mechanism of
action for effects to the mammalian system. EPA regulates on a particular type of AChE which
is Red Blood Cell Acetvichohnesterase (“RBC AChE”) inhibition, or simply Red Blood Cell
cholinesterase inhibition (“RBC ChE). RBC ChEl is not an adverse effect in itselt, but a
marker of exposure and a conservative and protective endpoint that occurs well below levels
required to inhibit other types of AChE that could be considered an adverse health effect.

1
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Australia concluded that “cholinesterase inhibition remains the most sensitive and relevant
adverse effect caused by chlorpyrifos and is therefore the most appropriate endpoint for the
establishiment of health based guidance values used to protect the entire population including
pregnant women, infants and chuldren.” Australian Pesticides and Veterinary Medicines
Authority (“APVMA”™), Reconsideration of Chlorpyrifos: Supplementary Toxicology
Assessment Report at 1 (Apr. 2017 ("APVMA, Reconsideration of Chlorpyrifos™). Moreover,
several Federal Insecticide, Fungicide, and Rodenticide Act (“FIFRA™) Scientific Advisory
Panels (“SAPs”) convened by EPA over the past eight years have expressed confidence in RBC
ChEI as the appropriate regulatory standard.

In 2006, EPA completed reregistration of chlorpyrifos under FIFRA and the Federal
Food, Drug, and Cosmetic Act ("FFDCA”} and reauthorized all existing agricultural uses for
chlorpyrifos, relying on cholinesterase inhibition for the regulatory standard. This final decision
and regulatory standard has been in effect ever since.

The current regulatory standard is supported by over fifty years of robust animal
toxicological data generated during the statutorily mandated registration and reregistration
review processes for chlorpyrifos. As discussed infra, Section V.A, EPA s 2011 Preliminary
Human Health Risk Assessment (“PHHRA™) stated that “[tThe toxicological database for
chlorpyrifos is extensive and is adequate to support the registration review.” EPA, Chlorpyrifos
Preliminary Human Health Risk Assessment for Registration Review at 22 (June 30, 2011).
EPA addressed the Food Quality Protection Act’s ("FQPA™) safety factor provision by relying
on a robust set of antmal foxicological data that accounted for children’s susceptibility to set a
safety factor of 1X in the Agency’s 2006 cumulative risk assessment {"CRA™) for
organophosphate pesticides. See July 16, 2012 Letter from Steve Bradbury to PAN/NRDC
(2012 Bradbury Letter™) at 20 (“Therefore, the Agency remains confident in the FQPA safety
factor of 1X used in the cumulative risk assessment for chlorpyrifos.™).

Contrary to Petitioners’ claim, there is no credible, growing body of animal toxicology
evidence corroborating the epidemiology studies claiming neurodevelopmental effects at
exposure levels below the curvent regulatory standard. As detailed in DAS’s prior comments and
the attached Appendix A, animal toxicology studies examined by EPA and the California
Department of Pesticide Regulation (“DPR™) in their recent literature reviews and advanced by

Petitioners and others as showing adverse neurodevelopmental outcomes suffer from significant
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Iimitations, undermining the validity of their findings. For example, these studies employed
doses at or above those known to result in 10% RBC ChEI or failed to measure cholinesterase
inhibition at all, reported inconsistent findings, and/or had significant design flaws.

In addition, neither in vifro studies (§.e., those studies conducted outside a living
organism such as in a test tube or cell culture dish) nor epidemiclogy studies cited in the
Petitioners” Objections create uncertainty with respect to the regulatory standard, nor are they
reliable enough to undermine the robust animal toxicological data. See Sections V.A, V.B, infra.
While EPA has considered certain in vifro studies in the past regarding purported
neurodevelopmental effects below the current regulatory standard, these in vitro studies have not
been validated in in vivo studies (i e., studies conducted in a Bving organism such as a laboratory
armimal) and are not based on conditions of real-world human exposure, and thus lack meaningful
relevance to human risk assessment. EPA itself has recognized that in vitro studies must be
considered with great caution, and in the absence of appropriate validation that in vitro
methodologies and/or findings are relevant to in vive outcomes, in vifro findings alone are not
sufficient to infer potential human health risks.

As discussed in Section VI, infra, the Columbia, CHAMACOS, and Mt. Sinai
epidemiology studies that have been cited as showing a link between chlorpyrifos exposure and
neurcdevelopmental effects have shown only questionable and inconsistent statistical
associations, not causation. The Columbia study, in particular, has served as the centerpiece of
Petitioners’ claim that neurodevelopmental effects are associated with exposures below the
current regulatory standard. But EPA’s own SAP has cited weaknesses in the Columbia and
other epideminlogy studies, guestioned their scientific validity and reliability on several
occasions, and—as recently as 2016—rejected the use of these studies to support a proposed new
regulatory endpoint. Numerous commenters, including the U.S. Department of Agriculture, have
consistently criticized the reliability of the Columbia study for use in regulatory decision-
making. n addition, a very recent analvsis of Columbia study data by Toxicology Excellence for
Risk dssessment (“TERA ) raised a number o;faddifianai, significant concerns about the
veliability of the Columbia study’s conclusions. See Appendix B. The bottom line, as discussed
herein, is that the Columbia study relies on spot samples of questionable analytic merit, and has

served as the very weak underpinning for every related publication that has followed.
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Moreover, the neurodevelopmental outcomes in the epidemiology studies advanced by
Petitioners have been over-generalized across studies. The specific results are not replicated in
other studies, undermining the claim of a link between neurodevelopment effects and
chlorpyrifos exposures. In fact, consideration of the findings in fotul across these studies, does
not support and even counters such a claim. Indeed, as time has passed, more epidemiology
studies have been conducted studying chlorpyrifos. The results of these studies show no
consistent, clear evidence of any associations between prenatal or childhood exposure to
chlorpyrifos at levels below the current regulatory standard and adverse neurodevelopmental
etfects, further undermining the reliability of the Columbia, CHAMACOS, and Mt. Sinai studies.

Also, many factors can influence childhood development-—both for better or worse—and
could also be correlated with the effects reported. Most of these factors were unmeasured in the
epiderniology studies, but are important in understanding the underlying factors of childhood
development. These alternate explanations need to be fully considered and accounted for when
attempting to establish any causation.

Moreover, as discussed infra in Section V.C, no reliable, science-based alternative mode
of action associated with pufative neurodevelopmental/behavioral effects has been identified at
exposure levels below those that would trigger cholinesterase inhibition. And, as EPA’s SAP
stated 11 2016, “there does not appear to be biological plausibility” for effects from chlorpyrifos
exposures that are below the level that would trigger cholinesterase inhubition. EPA, Transmittal
of Meeting Minutes of the April 19-21, 2016 FIFRA SAP Meeting Held to Consider and Review
Scientific Issues Associated with “Chlorpyrifos: Analysis of Biomonitoring Data™ (“2016 SAP
Minutes”) at 41 (July 20, 2016).

As further discussed infra, Section VILA, the FQPA and the FFDCA are guided by two
fundamental threshold principles: first, they are not statutes based on the precautionary
principle, under which all doubt must be exhausted before a crop protection product may be
registered. Rather, the food safety standard under the FFDCA and the FQPA is based on
reasonable certainty of no harm. Second, the Agency must have valid, reliable data in order to
make regulatory decisions, including to set a safety factor. Here, there are no valid, reliable data
to call info question the current regulatory standard for chlorpyrifos.

As discussed infra in Section VIILA, Petitioners and the States” Objections are replete

with misstatements and false assertions. The Objections misrepresent the scientific and
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regulatory history for chilorpyrifos. Petitioners represent that the lack of safety for chlorpyrifos is
unconfroverted when, in fact, substantial valid and reliable science exists to support the safety of
this product under FOQPA’s reasonable certainty of no harm standard. Petitioners assert that the
Agency has made conclusive scientific findings that chlorpyrifos is unsafe at the current
regulatory standard, but fail to acknowledge that EPA has not changed its 2006 final
determination that chlorpyrifos i1s safe at the current regulatory standard. As further discussed
infra, Section VIILA, all of EPA’s subsequent staterents about chlorpyrifos, made before the
Agency considered a multitude of science-based comments, were simply part of the Agency’s
non-binding deliberative process, EPA’s Order denying the Petition, made after the Agency’s
consideration of relevant science-based comments, expresses confidence that the current
regulatory standard is protective of human health, consistent with recent findings in the European
Union and Australia. Therefore, all claims that EPA found current potential exposures exceed
acceptable risk from all possible sources, including food and water, are maccurate,

While Petitioners suggest that chlorpyrifos poses a volatilization risk at the current
regulatory standard, they present no new evidence mn support. As more fully discussed infra,
Section VIILE, EPA’s 2014 Revised Human Health Risk Assessment stated that “there is no
anticipated risk{] of concern from exposure to the volatilization of etther chlorpyrifos or
chlorpyrifos oxon.” Chlorpyrifos: Revised Human Health Risk Assessment for Registration
Review (2014 RHHRA™) at 84 (Dec. 29, 2014}

Petitioners” Objections also rely on a declaration by Dr, Philip Landrigan. But, as
discussed in Section VIILD, that declaration is rife with errors and incorrect assumptions. In
addition, Dr. Landrigan asserts that exposure to organophosphate pesticides has led to aloss of
I points in children, citing an article by Dr. David Bellinger in support of this assertion. As
discussed inffa, Section VIILD, Dr. Bellinger’s article fails to undertake a systematic review of
the epidemiology studies underlying its conclusions, and makes assumptions that are not
scientifically justified. There 1s no credible evidence to suggest that chlorpyrifos exposure has
led to a loss of 1Q points in children.

Moreover, Petitioners’ Objections wrongly assert that EPA has found unsafe drinking
water contamination from chlorpyrifos. As discussed infra, Section VHLE, and in DAS’s prior

comments, the Agency has not made any final determinations with respect to drinking water,
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EPA’s drinking water assessment is still largely a screening-level assessment and not yet
sutficiently refined or complete for purposes of human health risk assessment.

Finally, while Petitioners and the States assert that the Petition shifts the burden to the
registrant or EPA to prove that chlorpyrifos is safe, neither the FFDCA nor the FQPA state that a
petition to revoke already established tolerances shifts the burden of proving safety to the
Agency or the registrant. In addition, the Objections cite no compelling authority for the
argument that the Petitton cannot be denied unless and until EPA affirmatively makes a new

“safety” determination under the FFDCA.

HI. REGULATORY HISTORY

In 2006, EPA completed its statutorily mandated reregistration of chlorpyrifos under
FIFRA and the FFDCA. In a final decision that is still in effect, EPA reauthorized all existing
agricultural uses for chlorpyrifos. EPA, Reregistration BEligibility Decision (“RED™) for
Chlorpyrifos (2006). In particular, pursuant to Section 408(b)2) of the FFDCA, as amended by
the FQPA, EPA determined that chlorpyrifos food tolerances (allowed pesticide residue limits)
are “safe,” meaning there 15 “a reasonable certainty that no harm will result from aggregate
exposure to the pesticide chemical residue.” 21 U.B.C. § 346a(b)(2)(AXii). Importantly, EPA’s
cumulative risk assessment in support of reregistration set an FQPA safety factor of 1X for the
AChE inhibition endpoint for organophosphate pesticides (“OP”), including chlorpyrifos.

in 2007, PAN/NRDC filed the Petition with the Agency, seeking revocation of all
chlorpyrifos tolerances and cancellation of all EPA registrations for products containing
chlorpyrifos. The Petition was based, in significant part, on a taxpayer-funded epidemiology
study conducted by researchers at Columbia University (the "Columbia study”), first published
in 2002, The Columbia study claimed an association between de minimis amounts of
chlorpyrifos allegedly found in the umbilical cord blood of a group of mothers almost twenty
years ago with neurodevelopmental effects in their children later in life.

In response to the Petition, EPA accelerated the human health risk assessment process
initiated as part of the Registration Review of chlorpyrifos. Under FIFRA, Registration Review
is a periodic reassessment EPA 1s required to complete for all pesticide registrations, 7U.S.C. §
136a{g). During Registration Review, which is still ongoing, EPA conducted multiple risk

assessments, which were released for comment but are not final Agency conclusions. EPA also
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convened several sessions of its FIFRA SAP, an independent advisory committee of scientific
experts, see 7 U.S.C. § 136w({d)(1), to evaluate several scientific issues relating to chlorpyrifos,
including the Columbia study. The SAP expressed significant concerns about the quantitative
use of the Columbia study in risk assessment, among other 1ssues. See, e.g., EPA, Transmittal of
Meeting Minutes of the FIFRA Scientific Advisory Panel Meeting held April 10-12, 2012 on
“Chdorpyrifos Health Effects” (2012 SAP Minutes”™)y at 19 (July 11, 2012) (*[TThe Panel largely
concurs with EPA that the data generated from [the epidemiology] studies alone are not adequate
enough to obtain a point of departure (POD) for the purposes of quantitative risk assessment.”);
see¢ also EPA, Transmuttal of Meeting Minutes of the FIFRA Scientific Advisory Panel Meeting
Held September 1618, 2008 on the Agency’s Evaluation of the Toxicity Profile of Chlorpyrifos
at 12 (“2008 SAP Minutes”) at 46 (Dec.17, 2008) (“The Panel agreed with the Agency that there
were limitations in the [Columbia Study and two additional] epidemiological studies that
precluded them from being used to directly derive the Pol) or the uncertainty factor.™).

In 2012, EPA issued a denial as to six of the ten claims raised in the Petition. EPA
notified Petitioners that it would not issue a final denial as to those claims unless requested, and
Petitioners made no such request. Instead, Petitioners sought mandamus relief in the U.S. Court
of Appeals for the Ninth Circutt because they believed the process was taking too long. The
Ninth Circuit denied Petitioners’ original mandamus petition, finding no unreasonable delay by
EPA. Inre Pesticide Action Network N. dm., 332 F. App’x 649, 651 (9th Cir. 2013), Petitioners
then filed a new mandamus action with the Ninth Circuit in September 2014, asking the court to
force EPA to make a decision on the Petition. I re Pesticide Action Network N. Am., No. 14-
72794 (“PANNA Iy (9th Cir. Sept. 10, 2014).

From 2007 until 2015, EPA gave every indication that it intended fo deny the Petition.
As recently as March 2015, EPA informed both the Petitioners and the Ninth Circuit that it
planned to deny the Petition, having determined, based on the results of its 2014 RHHRA, that
the claims raised in the Petition did not provide a basis to revoke all chlorpyrifos tolerances and
cancel all chlorpyrifos registrations. See Status Rep., In re Pesticide Action Network N. Am., No.
14-72794, at 2 (9th Cir. Mar. 31, 2015), ECF No. 14, Specifically, EPA’s March 26, 2015, letter
to Petitioners advised Petitioners that it “does not believe the claims raised in your petition
establish a basis to revoke all chlorpyrifos tolerances and cancel all chlorpyrifos registrations.”

Id., Attach. 1 at 3. EPA explained, among other things, that the scientific evidence was
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“insufficient” to depart from the 10% red blood cell acetylcholinesterase inhibition regulatory
standard upon which EPA’s 2006 safety determination was based. Id.

EPA then changed course, not due to any newfound concern related to the Petition, but
based on purported drinking water exposure concerns the Agency was working to address that
were raised from hypothetical modeling assessments. EPA advised the Ninth Circuit in the
mandamus action in June 2015 that it intended to grant the Petition. Jd., Status Rep. at 1-2 (June
30, 2015), ECF No. 20. On August 10, 2015, the Ninth Circuit issued a mandamus order
compelling EPA to “issue either a proposed or final revocation rule or a full and {inal response
to the adminustrative petition by October 31, 2015 74, Op. at 12, ECF No. 23 (emphasis
added).

On October 28, 2015, EP A 1ssued a proposed rule to revoke all chlorpyrifos tolerances,
this time based on the Columbia study and also on an initial, screening-level drinking water
assessment, which EPA said it needed to further refine. Chlorpyrifos; Tolerance Revocations, 80
Fed. Reg. 69,080 (Nov. 6, 2015) (the “Proposed Rule™). EPA issued the Proposed Rule to
comply with the Ninth Circuit’s deadline, though it had not vet completed a full, refined drinking
water assessment or had sufficient time to address a multitude of comments regarding the 2014
RHHRA, including the registrant’s. As a result, EPA stated that it “may update this action with
new or modified analyses as EPA completes additional work™ and expressed its intent to allow
the public to comment on that work prior to issuing a final rule. 7d, at 69,083, Following
issuance of the Proposed Rule, the Ninth Circuit extended the deadline for EPA to act on the
Petition until December 30, 2016, and later extended the deadiine until March 31, 2017, Inre
Pesticide Action Network N, dm., No., 14-72794, ECF Nos. 29, 51,

Clearly not yet content with the scientific basis for its Proposed Rule, in April 2016, EPA
convened the SAP to review a novel, unprecedented proposal developed by the Agency after
issuance of the Proposed Rule that would base a new regulatory standard for chiorpyrifos
directly on cord blood concentrations reported in the Columbia study. Echoing criticisms raised
at SAP meetings, the 2016 SAP cited numerous deficiencies in the study and expressed concems
about reliance on the study in the absence of the underlying raw data, which Columbia
researchers have steadfastly refused to provide, despite EPA’s repeated requests-—as recently as
January 2018, See Chlorpyrifos: EPA’s Seven Year Quest for Columbia’s Raw Data,

https/fwww epa.govingredients-used-pesticide-products/chlorvrifos-epas-seven-vear-guegi-
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columbias-raw-data. The SAP rejected EPA’s proposal for a new regulatory standard, deeming

the cord blood results from the study unreliable and insufficient for use m setting a point of
departure. See 2016 SAP Minutes at 25 (“[Tlhe majority of the Panel considers the Agency’s
use of the results from a single longitudinal study to make a decision with immense ramifications
based on the use of cord blood measures of chlorpyrifos as a [point of departure] for risk
assessment as premature and possibly inappropriate.”) (emphasis added).

Notwithstanding the SAP’s admonition against using the Columbia study cord blood
results for regulatory purposes, and still plainly not satisfied with the status of ity seientific
analysis, in November 2016, EPA proposed yet another, completely new regulatory standard that
was also based principally on the Columbia study’s conclusions, and thus the cord blood results
the SAP rejected. See EPA, Chlorpyrifos: Revised Human Health Risk Assessment for
Registration Review (Nov. 3, 2016) (“2016 RHHRA™). EPA did not convene the SAP to review
this novel approach, which was severely criticized by public commenters, including the 1J.S.
Department of Agricalture ("USDA™} under the prior Administration, and other cornmenters.
For example, in its comments on EPA’s November 2016 proposal, USDA stated:

[EPA’s] latest risk assessment is still based on just the single, not replicated, and
unconfirmed [Columbia] study. Many weaknesses inherent in the study have been
identified by the SAP and others, which undermine its suitability for determining a
point of departure. These weaknesses remain unaddressed in EPA’s latest risk
assessment. This cannot be the type of “sound, high quality science”™ the writers of
EPA’s Scientific Integrity Policy envisioned as the “backbone of the EPA’s
decision-making.” USDA has grave concerns that ambiguous response data from
a single, inconclusive study are being combined with a mere guess as to dose levels,
and the result is being used to underpin a regulatory decision about a pesticide
chemical that is vital to U8, agriculture, and whose removal from the market would
have a major economic impact on growers and consumers.

USDA Comments on the Risk Assessment Underlying the Reopened Proposed Rule
“Chlorpyrifos; Tolerance Revocations; Notice of Data Availability and Request for Comment™
(Docket ID EPA-HQ-OPP-2015-0653-0648), at 2 (Jan. 17, 2017},

On March 29, 2017, following a review of comments submitted on the Proposed Rule and 2016
RHHRA, EPA issued its Order denving the Petition. Chlorpyrifos; Order Denying PANNA and
NRDC's Petition To Revoke Tolerances, 82 Fed. Reg. 16,581 (Apr. §, 2017} (the “Order” or

“EPA Order”). EPA acknowledged that it had “three times presented approaches and

2
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proposals” to the SAP for evaluating the epidemiologic evidence of chlorpyrifos exposure and
neurodevelopmental effects. Jd at 16,590 (emphasis added). But, EPA stated:

The SAP’s reports have rendered numerous recommendations for additional study
and sometimes conflicting advice for how EPA should consider (or not consider)
the epidemiology data in conducting EPA’s registration review human health risk
assessment for chlorpyrifos. While industry and public interest groups on both
sides of this issue can debate what the recommendations mean and which
recommendations should be followed, one thing should be clear to all persons
following this issue: the science on this [issue] is not resolved and would likely
benefit from additional inquiry.

ld. (emphasis added).

In its March 29th Order, EPA stated that it had examined the evidence cited by
Petitioners and concluded that it failed to show that chlorpyrifos is not safe. Jd at 16,587,
16,588, EPA also stated in its Order that animal toxicology data “support the FQPA safety factor
of 1X for the AChE inhibition endpoint used in the 2006 cumulative risk assessment for
organophosphate pesticides, including chlorpyrifos. Id at 16,589, EPA expressed confidence in
AChE inhibition as the appropriate regulatory endpoint. /d. With respect to epidemiology
studies claiming an association between chlorpyrifos exposure at levels below the current
regulatory standard and neurodevelopmental effects, EPA said that the studies were inconclusive
and required further scientific review. Id. Thus, EPA denied the remaining Petition claims and
issued a full and final denial of the Petition. See id. at 16,583 (“In this order EPA 15 denying the
Petition in full.”™). |

Importantly, in its Order, EPA stated that its decision “[flollow[ed] a review of comments
on both the November 2015 [Proposed Rule] and the November 2016 [RHHRAL” Jd. Thisis
the first time EPA indicated that it had reviewed comments from interested stakeholders like
growers, grower groups, the primary registrants, and USDA addressing the possible revocation

of tolerances for chlorpyrifos.’

3 For ease of reference, DAS’s prior comments are as follows, and are incorporated by reference:
(1) Dow AgroSciences LLC’s Response to EPA’s Revised Human Health Risk Assessment for
Chlorpyrifos Registration Review dated April 29, 2015, EPA-HQ-OPP-2015-0653-0214
(hereafter referred to as “DAS Response to RHHRA™); (2) Dow AgroSciences’ Response to
EPA’s: Chlorpyrifos; Telerance Revocations; Proposed Rule and EPA Analysis of the Small
Business Impacts of Revoking Chlorpyrifos Food Tolerances, dated January 4, 2016, EPA-HQ-
OPP-2015-0653-0386 (including all references and appendices therein) (hereafter referred to as

10
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Soon after the Order was issued, PAN/NRDC filed a motion with the Ninth Circuit for
“further mandamus relief,” challenging the Administrator’s alleged failure 1o make “new safety
findings” supporting his denial of the administrative petition. PANNA I, at 3, ECF No. 5. The
Ninth Circuit denied the motion on the ground that EPA had complied with the Court’s orders by
issuing a “final response to the petition.” Jd. at 4, ECF No. 65, The Ninth Cireuit instructed
PAN/NRDC that the administrative objections process under the FFDCA was the pathway to
obtaining judicial review. /d. {citing 21 U.S.C. §§ 346a(g)(2), (h)(1) 40 CF.R. §§ 178.65,
180.30(b)).

On Tune 5, 2017, Petitioners and the States filed objections, challenging the EPA Order
on what they allege are purely legal grounds. In particular, Petitioners and the States assert that

there 18 “overwhelming” scientific evidence that chlorpyrifos is unsafe at the current regulatory

“DAS Response to Proposed Rule™); (3) Burns, C. 2015, Comments on EPA's Literature Review
on Newrodevelopment Effects & FOQPA Safety Factor Determination for the Organophosphate
Pesticides, dated December 22, 2015 {document posted in docket EPA-HQ-OPP-2010-0119),
submitted by G. Oliver, Dow AgroSciences LLC, EPA-HQ-OPP-2015-0653-0230 (hereafter
referred to as “DAS Comments Regarding Epidemiology™); (4) DAS (Dow AgroSciences) Legal
and Policy Comments in Response to EPA's Proposed Rule to Revoke Tolerances for
Chlorpyrifos, dated January §, 2016, EPA-HQ-OPP-2015-0653-0266 (hereafter referred to as
“DAS Legal Comments Regarding Proposed Rule to Revoke Tolerances for Chlorpyrifos™); (5)
Dow AgroSciences LLC’s Response to EPA’s Chlorpyrifos-Methyl: Human Health Draft Risk
Assessment (DRA) for Registration Review, dated September 15, 2015, EPA-HQ-OPP-2010-
0119-0044 (hereafter referred to as “DAS Response to EPA’s Draft Risk Assessment for
Chlorpyrifos-Methyl”); (6) DAS Legal and Policy Comments in Respouse to (i) EPA’s
Literature Review on Neurodevelopment Effects & FOPA Safety Factor Determination for
Organophosphate Pesticides and (1) EPA’s Chlorpyrifos-Methyl: Human Health Draft Risk
Assessment for Registration Review, dated February 19, 2016, EPA-HG-OPP-2010-0119-0033
(hereafter “DAS Literature Review Comments™); {7) Dow AgroSciences LLC's Comments on
2016 Notice of Data Availability, Revised Human Health Risk Assessment and Refined
Drinking Water Assessment for Chlorpyrifos, dated January 17, 2017, EPA-HQ-OPP-2015-
0653-0651 (hereatter “DAS Comments on 2016 RHHRA™); (8) C. Burns. 2017, Dow
AgroSciences LLC Comments on EPA’s Response to Comments for Public Comments Related
to Applying the FQPA 10X Safety Factor for the Organophosphate Pesticides (document dated
December 29, 2016, EPA-HQ-OPP-2008-0316-0071). Submitted by G. Oliver to docket EPA-
HQ-0OPP-2010-0119; and (9) DAS (Dow AgroSciences). 2017. DAS Legal and Policy
Comments in Response to (i) Response to Comments for Public Comments Related to Applyving
the FQPA 10X Safety Factor for the Organophosphate Pesticides; (i) Organophosphates:
Response to Occupational and Residential Exposure-Relsted Comments on the Preliminary
Organophosphate Human Health Risk Assessments; and (1i1) Response to Dietary-Related
Comments on the Preliminary Organophosphate Human Health Risk Assessments. Dated July
24, 2017 (EPA docket: EPA-HQ-OPP-2010-0119),
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standard, that EPA had previously made a finding that chlorpyrifos was unsafe, and that the
burden was on EPA to make a new safety determination when denving the administrative
petition to revoke tolerances. As outlined further in this Response, DAS disagrees with all of
these assertions on a factual, scientific, and legal basis.

DAS submits this Response to Objections {o correct the many false and inaccurate
representations about chlorpyrifos and its regulatory history that are set forth in the Objections.
Moreover, as set forth herein, and in the multitude of comments to the docket from DAS and
other stakeholders, a robust set of reliable toxicology data support EPA’s current regulatory
standard for chlorpyrifos. Epidemiology and other studies that the Objections assert demonstrate
otherwise are unreliable and invalid for purposes of regulatory decision-making, and must not be

relied on to take such a draconian and significant regulatory action like a tolerance revocation.

IV, CHLORPYRIFOS IS CRITICAL TO GROWERS.
A. Chlorpyrifos Is an Essential Agricultural Crop Protection Tosl

Chlorpyrifos is an organophosphorus insecticide first registered in the United States in
1965, Chlompyrifos currently protects more than fifty valuable U8, food crops from destruction
due to a variety of insect pests. Key crop uses include citrus fruits, corn, cotton, soybeans,
sugarbeets, and wheat, Chlorpyrifos is one of the most widely used insecticides in the world,
with approved uses in approximately 100 countries. The sustained importance of chiorpyrifos
for global insect pest management 1s due to its outstanding efficacy and favorable environmental
and human health characteristics. In situations of a sudden outbreak of a new pest, growers often
go to chlorpyrifos as a proven tool for control and to prevent widespread yield loss.

Chlorpyrifos exhibits moderate mammalian toxicity (WHO Hazard Class ) and is not
carcinogenic, a selective reproductive or developmental toxicant, or an endocrine disruptor,
EPA has used inhibition of blood cholinesterase as a protective regulatory health endpoint, PoD,
for risk assessment for over forty-five years.

Chlorpyrifos is biodegradable and has only short-to-moderate persistence in most

environmental settings. In terrestrial ecosystems, chlorpyrifos rapidly dissipates from plant

to two weeks, whereas subsurface chlorpyrifos may demonstrate dissipation half-lives of one to
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two months. In aguatic ecosystems, chlorpyrifos dissipates very rapidly (half-life <24 hours)
from the water column, and dissipation from sediments is similar to that observed for soils.

A study of the benefits of chlorpyrifos to U.S. growers was submitted to the chlorpyrifos
tolerance revocations docket in 2016 (Nelson, LE., Schueider, L.L. Use and Benefits of
Chiorpyrifos in Agriculture. Submitted to docket EPA-HQ-2015-0653 (January 2016)).
Twenty-three hundred (2,300) U.S. growers, many of them representing family farms, have
expressed their need for chlorpyrifos on the critical crops of comn, soybean, wheat, cotton, alfalfa,
and sugar beets, along with multiple other crops through petitions submitted to the docket. In
addition, multiple grower groups and many individual growers have provided comments

throughout the various EPA public comment periods expressing the need for chlorpyrifos.

B. Loss of Chlorpyrifos Uses Would Have Significant Negative Impacts on Trade,

Chlorpyrifos is highly effective in controlling a broad spectrum of both foliar-feeding and
soil-dwelling insect pests, and its important role in resistance management and integrated pest
management (CIPM”)} programs 1s widely recognized. The widespread international registration
approvals for chlorpyrifos and establishment by the Codex Alimentarius Commnission of more
than fifty international maximum residue Iimits (“MRLs”) for chlorpyrifos residues on food crop
commodities have facilitated global free trade of treated crops. Revocation of U.S. tolerances
would create a significant regulatory gap for U.S. food import standards and result in a state of
regulatory disharmonization between the United States and the other 165 member countries of
Codex. Indeed, EPA has never fully assessed the potential impact of the loss of use of
chlorpyritos.

Revoking chlorpyrifos tolerances would also significantly disrupt the pest management
practices used in the production of certain import crops, impair long-standing trade relationships,
and create a new set of winners and losers as market participants adapt to regulatory changes.
Revocation of tolerances would have a significant impact on trade particularly with regard to
developing countries that rely on exports of agricultural commodities to the United States.
Nelson, JL.E., Schneider, L.L. The Impact of Revoking Chiorpyrifos Tolevances (MRLs) on U.S.
Agricultural Imports from Key Food Exporting Countries. Docket: EPA-HQ-OPP-2015-0653-
0526 (Jan. 2017). Numerous foreign trade and government groups also commented on the need

for these tolerances during the various EPA public comment periods.
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Nelson and Schneider assessed chlorpyrifos use on key crops exported to the United
States from several important trading partners, including Brazil, Canada, Costa Rica, Isragl,
Mexico, Morocco, South Africa, and Spain. They reported that revoking chlorpyrifos tolerances
would potentially have a significant economic impact on consumers and food chain members in
the United States, as well as on the exporting countries:

From the export pariners’ perspective, . . . citrus fruit and essential oils of citrus
{(Mexico), wine (Italy), soybeans (Brazil), essential oils of citrus {Israel, South
Africa, Spain), sorghum (Mexico), and sugar (Costa Rica) are the exports most
impacted by revoking chlorpyrifos® tolerances because of the large proportion of
each commodity exported from these countries to the U.S. and the large crop area
treated with chlorpyrifos.

Id at 4-5.

V. SCIENTIFIC FRAMEWORK: The Current Regulatory Standard for Chlorpyrifos
is Based on Decades of Solid Science,

A. EPA Has a Robust and Complete Set of Animal Toxicology Data that Supports
its Current Safety Determination; Recent Experimental Toxicology Studies
Reviewed by EPA and the California DPR Do Not Support Any Changes to that
Standard.

As discussed in DAS s prior comments, over fifly vears of robust animal toxicology data
conducted during the registration and reregistration review process for chlorpyrifos show that
chiorpyrifos meets the EPA standard for safety, See Declaration of Dr. Jennifer Seed (*Seed
Decl™), Attach. A, 9 12 (“For many vears, a complete and reliable animal toxicology data set,
including reliable developmental neurotoxicity data, have supported the current regulatory
standard for chlorpyrifos.”™). Further, “the animal toxicology data set for chlorpyrifos is complete
and reliable and demonstrates (1) a well-established mode of action (AChE inhibition) and (11)
that there is no hazard identified to date that EPA has not accounted for under the current
regulatory standard with respect to children’s susceptibility.,” id €13

EPA confirmed the reliability of the toxicological database for chlorpyrifos n its 2011
Preliminary Human Health Risk Assessment for chlorpyrifos, in which it stated that “[tThe
toxicological database for chlorpyrifos is extensive and is adequate to support the registration
review.” PHHRA at 22, The Agency observed that “[tThe toxicity database mcludes the
standard battery of gunideline studies as well as special studies conducted by the registrant.” Id

at 36, The Agency also stated that the available data showed "that cholinesterase inhibition
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{ChE]) provides the most sensitive dose-response information for deriving points of departure for
chlorpyrifos.” /d at 7. The Agency went on to describe the extensive scope of animal studies
supporting chlorpyrifos:

fthe] studies consider different durations of exposure (acute, short-, intermediate-

term and chronic) and relevant routes of exposure (oral, dermal, and inhalation),

different laboratory animal species, reproductive and developmental toxicity,

neurctoxicity, developmental newrotoxicity (DNT), new acute and repeat dose
comparative cholinesterase assays (CCA) for both chlorpyrifos and chlorpyrifos

oxon, a special acute inhalation toxicity study and a required immunotoxicity study.

Id. at 36,

Use of this endpoint was also confirmed as recently as 2014 by the EFSA and the
APVMA, and also remains the gold standard and point of departure used by the World Health
Organization and virtually all major global regulatory authorities. See, e.g., APVMA,
Reconsideration of Chiorpyrifos at 1 ("[Clholinesterase inlubition remains the most sensitive and
relevant adverse effect caused by chlorpyrifos and 13 therefore the most appropriate endpont for
the establishment of health based guidance values used to protect the entire population including
pregnant women, infants and children.”); EFSA Scientific Panel on Plant Protection Products
and their Residues, Minutes of the 70th Plenary Meeting Held on 08-09 October 2014, Parma
(Ttaly) ("PPR Panel Minutes”) at 9 (“*Considering the available studies, cholinesterase inhibition
was considered the most sensitive endpoint on which reference values should be based.”); World
Health Organization, Chlorpyrifos in Drinking-Water, Background document for development of
WHO Guidelines for Drinking-water Quality at 3 (2004} (“In long-term studies, inhibition of
cholinesterase activity was again the main toxicological finding 1n all species.”).

The 2014 RHHRA also confirmed that AChE inhibition is an appropriate regulatory
endpoint: “AChE inhibition remains the most robust quantitative dose response data and thus
continues to be the critical effect for the quantitative risk assessment.” 2014 RHHRA at 24. The
Agency also described the strength of the animal foxicological data:

There are many chlorpyrifos studies evaluating AChE inhibition in red blood cell
{(RBC) or brain in multiple lifestages (gestational, fetal, post-natal, and non-
pregnant adult), multiple species (rat, mouse, rabbit, dog, human), methods of oral
administration (oral gavage with corn oil, dietary, gavage via milk} and routes of
exposure (oral, dermal, inhalation via vapor and wvia aerosol}). In addition,
chlorpyrifos is unique in the availability of ChE data from peripheral tissues in
some studies (e.g., heart, lung, liver). There are also literature studies comparing
the in vitre ChE response to a variety of tissues (Chambers, 2013} which show

"
1Ay
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similar sensitivity and mtrinsic activity. Across the database, brain AChE tends to

be less sensitive than RBC AChE or peripheral ChE. In oral studies, RBC AChE

inhibition is generally similar in response to peripheral tissues. Thus, the in vitro

data and oral studies combined supports the continued use of RBC AChE inhibition

as the critical effect for quantitative dose-response assessment.

ld. (emphasis added).

Petitioners claim that a growing body of animal toxicology data supports epidemiclogy
studies claiming associations between chlorpyrifos exposure at levels below the current
regulatory standard and neurodevelopmental effects. DAS has detailed the flaws and limitations
in these animal studies in prior comments to EPAY; it is indefensible for EPA to use these studies
as a basis for the significant regulatory action requested by Petitioners. As further summarized
in the attached Appendix A, other animal toxicology studies more recently considered by EPA
and the California Department of Pesticide Regulation are not viable or reliable for use in
science-based decision-making due to deficiencies and limitations in their study design—
including, in many studies, use of a single dose, use of doses that exceed those known to cause
cholinesterase inhibition, use of subcutaneous injection as the route of exposure, use of dimethy!

sulfoxide (“DMSO”) as a vehicle, and/or failure to measure cholinesterase inhibition.

B. In Vitro Studies Do Not Create Uncertainty With Respect to the Current
Regulatory Standard for Chlorpyrifos.

“EPA has long relied on in vivo “apical’ endpomts as the primary bases for the regulation
of chemicals. These apical endpoints are empinically identified outcomes in tntact animals
exposed to the chemical at issue.” Declaration by Dr. James Bus (“Bus Decl.”™), Attach. B, 9 11.
In contrast, in vitro study outcomes are typically not regarded as apical endpoints because in
vitro studies lock at effects on only a group of cells or isolated organs in a test tube. /4 “Effects
observed only in cells or isolated organs in a test tube do not reflect the overall complex
biclogical functions of the intact organism that ultimately determine the end toxicological effect,

and do not account for the full range of homeostatic and protective mechanisms that cccur in an

‘ See, e.g., Dow AgroSciences LLC s Response to EPA’s [RHHRA] for Chlorpyrifos
Registration Review, EPA Dkt. EPA-HQ-OPP-2008-0850-0845, at 57-64 (Apr. 2015); Dow
AgroSciences LLC’s Comments on 2016 {NODA/RHHRA] and Refined Drinking Water
Assessment for Chlorpyrifos, EPA Dkt EPA-HQ-OPP-2015-0653-0651, at 33 and Appendix D
{Jan. 2017); see also Dow AgroSciences LLC s Amicus Brief in Support of EPA, League of
United Latin Am. Citizens, et al. v. Wheeler, No. 17-71636, ECF No. 72-2, at 20-23 {(9th Cir.
Mar. 15, 2018).
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in vivo animal.” Zd. “While the Agency may consider both in vitro and in vivo studies in its risk
assessments, iz vifro studies present numerous challenges that make them much less reliable for
human health assessments than in vive studies.” Id. 9 10.

In the past, EPA has referred to in vitro studies of chlorpyrifos by Howard er af. (2005),
Schuh et @l (2002), and Yang ef al. (2008) and “suggested that these studies . . . create some
additional ‘uncertainty’ concern regarding conclusions from high quality in vive studies that
indicate developrental neurotoxicity 1s observed only under conditions sufficient to cause
maternal and fetal/pup AChE inhibition. [However, such] an additional uncertainty concern is
not warranted by an examination of the whole animal, developmental neurctoxicity data.” Id ¥
18, A review of the in vitro studies shows that “{t]here is no scientific basis for the Agency to
infer uncertainty from in vitro data reporting neuronal cell effects at sub-AChE-inhibiting test
concentrations [because] those effects have not been affirmed in a robust set of animal
toxicological data supporting the current regulatory standard (e g., Maurissen et af., 2000,
Mattsson ef al., 2000407 Id % 20.

Further, “[flor in vitro studies to be relevant for risk assessment, the test concenfrations in
the test tube or laboratory dish must have interpretable and meaningful relevance to human
exposures.” Id. 9 10, “Frequently, concentrations at which positive responses are observed in
vitre are far removed from real-world human exposure conditions, thus rendering reliance on
these in vitro studies inappropriate fef risk assessment.” Jd. Thus, if it cannot be proven that the
in vitre endpoints are relevant to apical in vivo outcomes, in vitro findings alone are not
sufficient as a basis for assessment of potential human health risks. Jd. § 12. EPA has
recognized that in vifro studies must be considered with great caution. Jd. 9 14 {citing EP4,
Human Fxposure Estimates and Oral Equivaients of In Vitro Bioactivity for Priovitizing,
Monitoring and Testing of Environmental Chemicals (2010)).

EPA has clearly delineated its expectation that in virro findings be relevant to apical in
vive outcomes in its “Endocrine Disruptor Screening Program (EDSP) guidance],| in which a
two-tiered testing approach has been implemented (EPA, 2009).” Zd. This Program “‘requires
that the mostly in vitro tier 1 screening-level tests be validated against apical in vivo responses.
In other words, the EDSP requires that positive findings in in vitro tier 1 must be directly
correlated with adverse outcomes in in vivo apical tier 2 tests before such in vitro tests can be

used as screening-level indicators of potential toxicological hazards.” Id 9 12 (emphasis added).
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“Thus, relying on in vitro studies conducted at the test tube or lab dish scale alone are not
sufficient to supplant a failure to identify corresponding apical responses in more robust and
high-quality in vivo studies. To do otherwise would undermine EPA’s long-held reliance on
whole animal studies to determine apical endpoints and the dose-response thereof as most
appropriate for the purpose of risk assessment.” Id.

Moreover, numerous conditions used in the in vifro studies considered by EPA and
others call into question reliance on these experimental data for regulatory decision-making. For
example, Howard (2005) and Yang (2008) used DMSO as a carrier solvent for the chlorpyrifos
or chlorpyrifos oxon test material. The concentration of DMSO could have a substantial impact
on many of the measured results. Cavaletti e ¢l have shown that intraperitoneal administration
of dilute soluttons of DMSO can have a significant impact on the nervous system. Cavaletti ef
al. (Z000), Effect on the Peripheral Nervous System of Systemically Administered
Dimethylsulfoxide in the Rat: a Newrophysiological and Pathological Study. Toxicol. Lirs. 118:
103-07. They caution researchers that “[t]he neurophysiclogical and pathological changes
observed i our study are severe enough to merit careful consideration in the course of
experimental studies involving DMSO as a solvent for drugs which are under evaluation for their
potential neurotoxicity.” Id. at 103, Other authors have shown that DMSO used as a dose
vehicle can also enhance the clinical symptoms of organophosphates. Ballough e ol (2008),
Brain Damage from Soman-Induced Seizures is Greatly Exacerbated by Dimethy! Sulfoxide
(DMSO): Modest Neuroproiection by 2-aminoethyl diphenylboringte (2-4PB), a Transient
Receptor Potential Channel Inhibitor and Inositol 1,4, 5-triphosphate Receptor Antagonist, J.
Med. CBR Def 6: 1-20; Carr ef af. (2008), Effect of Different Administration Paradigms on
Cholinesterase Inhibition Following Repeated Chlorpyrifos Exposure in Late Preweanling Rats.
Toxicol. Sci. 106: 186-92. Further, “[a]lthough the Howard et al. (2005) and Yang ¢f al. (2008)
studies diluted the 100% DMSO stock solutions by 1:1000 for final cell culture, this dilution

22.

The 2012 SAP echoed these concerns about the use of DMSO: “in keeping with the 2008
SAP, this Panel expresses concern about the use of Dimethyl Sulfoxide (DMSO) as a vehicle
because of its intrinsic toxicity, its potential influence on absorption and interaction with

chlorpyrifos, and the impact of this interaction on the developing organism.” 2012 SAP Minutes
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at 12. The Agency recognized in ifs charge question to the 2012 SAP that it should exercise
caution in making connections between possible effects observed in the above-referenced in vitro
studies and effects in vivo: “Some of these comparisons must be considered with caution since
the amount of change in the in vitro systems required to elicit an adverse effect in vive is
unknown., Moreover, extrapolation from in vifro perturbations to in vive effects has not been
established. . . . 2012 SAP Minutes at 13, The SAP agreed with the Agency’s concems:

The Panel concurs with the Agency that caution should be applied in interpreting
the in-vivo significance of the changes observed across the various in vitro studies.
Several uncertainties and limitations are associated with the translation of in vitro
study results to in vive effects. The inherent complexity of the nervous system
presents significant challenges to accomplishing this translation.  An additional
example of uncertainty 1s that cells that are isolated in culture within an in vitro
experiment may be atfected differently than they would if they were within their in
vive environment.

Id. at 14,

At least one court has also noted the limitations of relying on in vitre studies. In In re
Ephedra Prods. Liab. Litig., 393 F. Supp. 2d 181, 194 (5.D.N.Y. 2005), the court observed that
“the gaps between [in vitro] data and definifive evidence of causality are real and subject to
challenge before the jury[.]” ). Other scientists have echoed these concerns: the “weakness of
[in vitre] studies 1s the uncertainty that the effects observed at cell level would occur in the ‘real
world” of the complex living organism.” Huber er ol (2011), Organic Food and Impact on
Human Health: Assessing the Status Quo and Prospects of Research, Wageningen 1. of Life Sci.
58: 103-09, at 105.

In sum, the in vigro studies cited by EPA and others in the past do not create uncertainty

with respect to the current regulatory standard for chlorpyrifos.

C. There Is No Reliable Science to Support a Mode of Action Other Than
Cholinesterase Inhibition.

Over the last several vears, significant attention has focused on whether non-cholinergic
modes of action exist for chlorpyrifos and, if they do, whether they may be operating at dose
levels below which cholinesterase inhibition occurs. But no such non-cholinergic mode(s) of
action has been observed in the significant number of Guideline studies (covering many endpoints
that would detect impacts on development or neurodevelopment) that have been conducted over

more than forty vears as part of EPA’s registration and reregistration processes for chlorpyrifos.
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Many of the studies that have purportedly shown non-cholinergic effects associated with
neurodevelopmental effects were not designed for regulatory decision-making or risk assessment
purposes. In addition, specific hypotheses evaluating potential non-cholinergic mode(s) of
action have not been adeqguately proposed, tested, or validated in appropriate animal models.
Both EPA and its SAP have concluded, upon review of the scientific literature, that there are
insufficient data to support a potential non-cholinergic mode(s) of action for chlorpyrifos. For
example, when asked about a possible non-cholinergic mode of action for chlorpyrifos, the 2008

FIFRA SAP stated that

[t]here was a consensus of the Panel that available data were inadequate to support
a weight of evidence evaluation for non-cholinergic mode(s) of action for the
behavioral alterations following gestational and early postnatal exposure to
chlorpyrifos that persisted into adulthood. The Panel agreed that the available
information does not allow for behavioral endpoints to be considered as a point of
departure and recommended, based upon currently available data, that
cholinesterase mhibition be used as the PoD.
2008 SAP Minutes at 28, See also id. at 56 (“[There is a clear lack of identifiable key events for
mode of actions not related to AChE inhibition.™).

D. Reliance on Prior EPA Dose Reconstruction for Exposure Assessment Does Not
Lead to Reliable Results.

Inits 2014 RHHRA, the Agency suggested that it could make up for the lack of raw data
underlying the Columbia study by conducting & dose reconstraction, which “showed that using
high end exposure assumptions . . . peak RBC AChE inhibition was predicted to be only 0.45%”
{thus supporting a 10X safety factor). EPA, Response to Comments for Public Comments
Related to Applying the FOQPA 10X Safety Factor for the Organophosphate Pesticides at 19,
published May 25, 2017 in docket: EPA-HQ-OPP-2010-0119-0055 ("Response to Comments™}.

The dose reconstruction was based in large part on hearsay and questionnaires that did
not assess which particular pesticide study participants had been exposed to. The results of the
dose reconstruction are therefore unreliable—"a] tenuous, opagque dose reconstruction based on
questionnatres presented to study participants, which EPA recognized as having limitations and
which did not undergo peer review, cannot support the conclusion that using high end exposure
assumptions results in peak RBC AChHE nhibition of only 0.45%. The dose reconstruction
simply does not provide data that are reliable or valid.” Declaration of Dr. Jeffrey Driver

(“Driver Decl.™), Attach. C, § 21.
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Inits 2016 RHHRA, EPA reviewed the registered home uses that would have been
available to the Columbia study cohort to develop a new PoD for risk assessment from internal
concentrations of chlorpyrifos. 2016 RHHRA at 14, EPA then conducted interviews with
technical pest advisors responsible for overseeing New York City’s housing authority and

“determined™ that crack and crevice use was the predominant type of application method used at

definitive evidence that chlorpyrifos was applied by indoor crack and crevice application
methods in any of the residences of the Columbia cohort, and many study subjects changed
residences frequently during the study.” Id. 4 22. Therefore, crack and crevice dose
reconstruction “should not be used to establish a route-specific PoD, especially given the
deficiencies associated with the Columbia cohort data.” Id 4 23,

Further, the underlying premise that the effects purportedly observed and claimed to be
linked to chlorpyrifos exposures from these crack and crevice treatments is unfounded since
“there were members of the cohort that received crack and crevice applications without the
claimed health effects, and the entire cohort could have had exposures through diet and water,
which would be higher than through the added crack and crevice exposure.” fd. §23. See also
DAS Comments on 2016 RHHRA at 35-41; Driver ¢f ol Public Comments: Chlorpyrifos
Revised Human Health Risk Assessment for Registration Review (EPA’s Office of Pesticide

Programs, November 3, 2016) (EPA-HQ-OPP-2015-0653-0647) (Jan. 16, 2017}

VI,  EPIDEMIOLOGICAL STUDIES ARE NOT RELIABLE ENOUGH FOR
REGULATORY DECISION-MAKING AND SHOULD NOT IMPACT THE
CURRENT REGULATORY STANDARD.

Petitioners urge that the Columbia, Mt. Sinai, and CHAMACOS studies show that
chlorpyrifos is not safe at the current regulatory standard. But the conclusions in the Columbia
study are based on unreliable blood test resulis (as well as multiple additional deficiencies), and a
new analysis of some data from a Columbia study publication raises additional significant
questions about the scientific validity of the study’s conclusions. Moreover, the Mt. Sinai,
CHAMACOS, and other epidemiology studies are inconsistent and do not support the published

conclusions in the Columbia study.
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A. The Cord Blood Measurements in the Columbia Study Are Not Valid or
Reliable, and Any Published Conclusions Drawn from Those Measurements are
Therefore Not Valid or Reliable for Regulatory Decision-Making.

i. The 2008 and 2016 SAP Heavily Criticized the Validity and Reliability of
the Columbia Study’s Cord Blood Measurements,

The 2008 and 2016 SAP raised numerous doubts about the reliability and validity of the
cord blood data that form the basis of the conclusions drawn in the study, both as to the
reliability and accuracy of the analytical methodology used to derive results, and as to whether
the results represent an accurate picture of exposure. See, ¢.g., Transcript of April 2016 SAP
Meeting (“2016 SAP Tr.”) at 89 (“I disagree with the validity of the cord blood data, really.”);
id. at 501 (“But you know, I personally don’t really think that cord blood is usable as an
exposure assessment for anyone here, really.™); id at 768 (*[Thhere are a lot of uncertainties in
the data . . . I don’t think the data are very strong.”}. The 2016 SAP expressed concerns with,
among other 1ssues, the Columbia researchers’ arbitrary assignment of values for over 40% of
the children in the Columbia study who had chlorpyrifos levels that were below the level of
detection® and use of a surrogate measurement for 12% of children for whom they lacked any
chlorpyrifos measurements at all; the use of a single point in time measurement to estimate
exposure; and the lack of biological plausibility for how the extremely low levels of chlorpyrifos
reported in the study could produce the effects claimed. These levels in the pg/g range are
several-fold lower than the current regulatory endpoint. Specifically, the 2016 SAP said that:

e A major source of uncertainty for the Panel was the lack of verification and
replication of the analytical chemustry results that reported very low levels of
chlorpyrifos (pg/g). Imputing quantitative values when the concentration of analyte
falls below the level of detection {(LOD) was a particular concern, especially given
that a large fraction of cord blood samples included in the analyses presented with
levels below LOD.” 2016 SAP Minutes at 18; see also id. at 41 (“[TThe use of means
with large standard deviations that extend below the level of detection that are
included in the analysis . . . further decreases the value and increases uncertainties
associated with the raw data that cannot and has not been independently reviewed or
verified.”).

? See Rauh et al., Seven-Year Neurodevelopmental Scores and Prenatal Exposure to
Chlorpyrifos, a Common Agricultural Pesticide, 119 Environ Health Persp 1196, 1198 (2011)
{stating that cord blood measurements for 43% of the Columbia cohort fell below the bimit of
detection).
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B

“The Panel 1s not aware of any scientific evidence where pg/g levels in the blood
would lead to deleterious neurotoxicological effects in a mammalian system.” /4. at
22-23,

e “The assumption that the impaired working memory and lower 1Q measures observed
are caused primarily by a single insecticide (chlorpyrifos) and predicted by the blood
levels at time of delivery is not supported by the scientific weight of evidence.” Id. at
23.

e “Some Panel members stated that the reliance on single cord blood measurements
from only one study (i.e., the CCCEH study) as a primary basis for a highly impactful
regulatory decision goes against standard practices of science in the fields of
toxicology and pharmacology.” Jd. at 42.

s Noting the majority view that there is a “lack of biological plausibility for how low
cord biood (low parts per trillion) concentrations of chlorpyrifos can alter working
memory and produce neurodevelopmental impairment.” Jd. at 25-26.

e “And asingle study, single point in time, questionable, exiremely low values, no
biological plausibility — there’s nothing I'm aware of in the literature that would
suggest],] vou know, [picomolar] levels cause some significant neuronal change that
could underlie a prefrontal cortex-based memory task.” 2016 SAP Tr. at 628.

s “Well if [the chlorpyrifos measurements in the cord blood samples are] below the
level of detection for that study then that, in my mind raises an issue with the validity
of that study.™ Id. at 663.
As one Panel member aptly stated, the Colurubia Study “is plagued by issues that diminish the
enthusiasm for this study.” /d. at 622.

Moreover, the 2016 SAP made several statements that undermine any contention that
there are purported effects at exposures below the current regulatory standard. For example, the
2016 SAP Minutes state that “/W/ithout any evidence in the animal literature or elsewhere of a
mechanism of action that could explain how pgly levels in blood could impair IQ and/or working
memory, there does not appear to be biological plausibility.” 2016 SAP Minutes at 40-41
(emphasis added). The 2016 SAP also pointed out that effects at these extremely low levels are
rarely seen even with the most potent acetylcholinesterase-inhibiting drugs:

There is a lack of biological plausibility or amimal evidence for how picomolar (pM;
10-12M) cord blood levels of »6.17 pg/g chlorpyrifos (>17.6 pM based on the
CCCEH  analytical results) can alter working memory and produce
neurodevelopmental impairment. The mechanisms for how such potent effects can
be produced at these concentrations in vive are not known and have not been
previously described. By comparison, the most potent selective anti-AChE drugs
in current clinical use to treat deficits in working memory are known to directly
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engage brain AChE with inhibitory constants (ICso’s) in the range of 20,000 pM
{physostigmine) to 600,000 pM (tacrine). In this regard, CPFO, the active
metabolite of chlotpyrifos, has an ICsy towards AChE of ~10,000 pM. One is left
to speculate on one or more cansative mechanisms having potencies more than
1,000-30,000 fold lower than cholinergic drugs known to alter working memeory in
patients. These estimates are conservative, since they assume chiorpyrifos levels
w cord blood will directly reflect CPFO levels in the developing brain, an
assumption that 1s currently unproven given the challenges in directly measuring
the active metabolite CPFO in any tissue after exposure,

Id. at 54,

The 2008 SAP also expressed similar concerns about the cord blood measurements. See,
e.g., 2008 SAP Minutes at 34 (" TThe single measurement of cord blood chlorpyrifos may not be
representative of the total exposure during pregnancy, but only reflects exposure [that] happened
in the few days before delivery.™); id. at 45 (“One of the key limitations of the epidemiological
studies 1s that the exposure data were collected at single time peint and lack information on the
long-term exposure level and duration.™).

In sum, the 2008 and 2016 SAP identified a number of deficiencies and limitations in the
Columbia study, including as to the validity and reliability of the reported test results. These
deficiencies and limitations have been further discussed in detail in DAS’s prior comments. See,
e.g., DAS Comments on 2016 RHHRA § IV and App'x B; DAS Comments on 2014 Revised
Human Health Risk Assessment § 4.2.2; Dow AgroSciences Additional Comments for the
EPA’s FIFRA Scientific Advisory Panel (SAP): Chlorpyrifos: Analysis of Biomonitoring Data
{(April 19-21) (April 15, 2016), Docket EPA-HQ-OPP-2016-0062).

Moreover, BEPA’s 2016 Updated Literature Review of epidemiclogy studies recognizes
numerous deficiencies in the Columbia study. See EPA, Updated Literature Review on
Neurodevelopment Fffects & FQPA Safety Factor Determination for the Organophosphate
Pesticides, published May 25, 2017 in docket: EPA-HQ-OPP-2010-0119-0060 (“Updated
Literature Review”) at 49-62. For example, the Updated Literature Review states that a
weakness of the Columbia study is the fact that “[tThe use of a single snapshot of prenatal
chlorpyrifos exposure may not be an accurate surrogate for full prenatal exposure levels.” Id at
59; see also id. at 54 (criticizing “[rleliance on a single exposure level (prenatal/cord blood.)”).
See also Declaration by Dr. Carol Burns (“Burns Decl™), Attach, D, 4 13 (It is fundamentally
flawed to use a single biological sample of a short-lived chemical to infer the level of past

exposure. . .. Researchers have cautioned against relying upon a single saraple to estimate long
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term exposure (Morgan ef all 2016, LaKind and Naiman 2015, Spaan ef al. 2015, Aylward e al.
2014). Exposure assessments based upon a ‘single sample without considering ervor’ are
considered to be of low utility (LaKind ef al 2014).7); id. 911 (“{Tihe Columbia and Mt. Sinai
studies relied upon a single biological sample collected at delivery. Due to the short half-life of
chiorpyrifos in the body, the concentration of chlorpyrifos or the metaboelite are not a valid
estimate of the exposure levels throughout the prenatal period.”). The Updated Literature
Review also observes that “[d]ue to the pervasive, non-specific nature of neurclogical effects, it
1s difficult to atiribute causality.” Updated Literature Review at 54-55. Finally, the Updated
Literature Review states that one of the Columbia study publications “only included participants
recruited i the post-cancellation period” and “the large number of observations below the level
of detection recetving equal rank. . . may be problematic.” /d. at 62.

A study with so many limitations and deficiencies is not only inappropriate as the basis
for a point of departure, it should also not be used for any purpose in fegulatory decision-
making, including as support for setting an FQPA 10X safety factor or to suggest uncertainty
with respect to the current regulatory standard. The Columbia study simply does not meet the
statufory test for validity and reliability, by any measure.

ii. The Columbia Study’s Conclusions Are Not Valid or Reliable Because
they are Primarily Based on the Deficient Cord Blood Measurements.

Of critical importance, the Columbia study’s conclusions are primarily based on cord
blood measurements. Driver Decl. §17. Specifically:

e “[Tlhe conclusions set forth in the published articles for the Columbia study are
predicated on a presumed dose-response related to cord blood level measurements of
chlorpyrifos and neurodevelopmental outcome indicators.” Id § 16

e For example, the Columbia study investigators reported that “higher prenatal
[chiorpyrifos] exposure, as measured in umbilical cord blood plasma, was associated
with decreases in cognitive functioning on two different WISC-IV indices, in a
sample of urban minority children at 7 vears of age.” Rauh ef al. (2011}, Seven-Year
Newrodevelopmental Scores and Prenatal Exposure to Chiorpyrifos, a Common
Agriculiural Pesticide, 119 Environ Health Persp at 1200.

e “Using a different biomarker of exposure {(the parent compound of [chlorpyrifos] in
umbilical cord plasma), we have previously reported (in the same cohort as the
present study) significant agsociations between prenatal exposure to [chlorpyrifos] (=
6.17 pe/g) and reduced birth weight and birth length (Whyatt et ol 2004), increased
risk of small size for gestational age (Rauh V, Whyatt R, Perera F, unpublished data),
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mcreased risk of mental and motor delay (< 80 points) and 3.5- to 6-point adjusted
mean decrements on the 3-year Bayley Scales of Infant Development (Rauh et of.
2006), and evidence of increased problems related to attention, attention deficit
hyperactivity disorder, and pervasive developmental disorder as measured by the
Child Behavior Checklist at 2-3 years.” Id. at 1196,

Simuilarly, the published Columbia study articles rely on the cord blood test results to
reach associational conclusions with respect to the following:

e “Highly exposed children ({those with] chlorpyrifos [cord blood] levels of »6.17 pg/g
plasma) scored, on average, 6.5 points lower on the Bavley Psychomotor
Development Index and 3.3 points lower on the Bayley Mental Development Index at
3 years of age compared with those with lower levels of exposure.” Rauh et af.
(2006), Impuct of Prenatal Chlorpyrifos Exposure on Neurodevelopment in the First
3 Years of Life Among Inner-City Children, Pediatrics at 1, 10

e« “The high chlorpyrifos exposure group includes those with cord blood chlorpyrifos
levels »6.17 pg/g, and the low group includes all those with lower levels” Jd at 19,

length decreased by 0.24 cm {(95% CI, ~0.47 10 ~0.01, p = 0.04) for each log unit
increase in cord plasma chlorpyrifos levels.” Whyatt er al. (2004), Prenatal
Insecticide Exposures and Birth Weight and Length among an Urban Minority
Cohort, 112 Environ Health Persp 1125, 1128-29.

» “Spearman’s rank correlation coefficients were used to examine associations between
pesticide levels in patred maternal and newborn blood samples.” Whyatt of al,
Biomarkers in assessing residential insecticide exposures duving pregnancy and
effects on fetal growth, Toxicol. Appl. Pharmacol. 206: 246-254 at 248 (2005).

e “TAThighly significant inverse association between umbilical cord chlorpyrifos levels
and both birth weight and birth length among infants in the current cohort born prior
to U.S. EPA regulatory actions to phase out residential uses of the insecticide” was
reported. Id at 252

e “[Plrior research has shown significant associations between chlorpyrifos
concentrations in umbilical cord blood, and newbom birth weight and length (Whyatt
et al. 2004} and child mental and motor development at age 36 months (Rauh ef al,
2006)." Whyatt ef al. (2009), 4 Biomarker Validation Study of Prenatal Chiorpyrifos
Exposure within an Inner-City Cohort during Pregnancy, 117 Environ Health Persp
559, 565.

As discussed above, “these conclusions in the published articles for the Colurnbia study are
invalid and unsupported because they are directly based on blood test results which are

unreliable and invalid.” Driver Decl. 4 18. For example, “[blasing conclusions on a once-in-
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time cord blood measurement is simply not scientifically justified because a once-in-time
measurement 15 not representative of long-term exposure.” Id. 9 14. Thus, “the unreliability and
invalidity of the blood tests raises serious concerns about the accuracy of the classification of the
blood test results into high (above 6.17 pg/g) and low (below 6.17 pg/g) exposure groups which,
in turn, raises serious doubt about the claimed correlation between exposure groups and effects.”
Id. §17. Further, “{slince the blood test results for the Columbia cohort are not representative of
tfrue exposure, the threshold blood level (6.17 pg/g) above which effects are assigned to
chlorpyrifos is meaningless.” Jd In addition, “blood levels are very sensitive to time of
sampling relative to time of last exposure (which is unknown), and are not a reliable biomarker
for comparison of exposure in the individual.” /d. In sum, “[blecause the Columbia study blood
test results are not valid and reliable, the conclusions reached by the published studies based on
the blood test results are not valid and reliable, especially for regulatory action.” 7d € 15

iti. A New Analysis of Data from a Columbia Study Publication Casts

Further Doubt on Columbia Study’s Findings.

One of the most cited publications resulting from the Columbia study is Rauh ef al.
{2011). However, a recent analysis of data from the Rauh ef al. (2011} publication conducted by
TERA, attached as Appendix B, raises a number of scientific concerns about the reliability of the
Columbia study’s data and validity of the Columbia study’s conclusions, similar fo those raised
by prior SAPs and numerous public commenters. Chief among those concerns is that, based on
TERA’s analysis of data that could be derived from figures and text of the Ravh et ol (2011)
published article, certain data were missing and/or, because of the way they were graphically
represented or plotted, may have impacted the trends observed and thus the conclusions drawn.
For example, the TERA analysis found:

Rauh et al. (2011) reported evidence of deficits in Working Memory Index and
Full-Scale 1Q in children at 7 years old as a function of prenatal CPF exposure.
Although these data have not been made available, we were able to extract them in
part through an analysis of Figures 1A and 1E of Rauh et al. (2011). This analysis
uncovered a surprising fact. Data from approximately 35% of the 265 children
described in the text of Rauh et al. (2011) were missing from Figure 1A;
approximately 15% of these data were mussing from Figure 1E. Although some of
the missing data are possibly due to overlay of data points not observable in these
published figures, such overlay cannot reasonably account for the extent of these
missing data. Further, CCCEH correspondence to EPA admits that data of the four
highest exposed children from Rauh et al. (2011) were removed from these figures
because at least one data point “drastically impacts inference,” suggesting that the
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statistical significance of these findings may have changed had these data been
included.

The data extracted from the figures were analyzed in a number of ways, including
a plot of data as response versus log dose, a typical toxicological and risk
assessment approach. In contrast to Rauh et al. (2011), our analysis does not
suggest any evidence of an effect on Full-Scale 1Q (Figure 1E). We also find less
of a negative association (reduction) in Working Memory Index (Figure 1A).

Appendix B at 13 (emphasis added). The TERA report’s findings continue to demonstrate that
there are sigmificant scientific 1ssues regarding the Colurnbia study’s conclusions casting doubt
on ifs suitability for use in regulatory decision-making, thus supporting EPA’s Order denying the

Petition.

iv. EPA Recently Recognized the Shortcomings of Epidemiology Studies in
the Case of Fluoride,

EPA recognized that a single epidemiology study could not overcome robust animal
toxicological data in ifs recent action denying a petition to prohibit the addition of fluoride to
drinking water. See Fluoride Chemicals in Drinking Water; TSCA Section 21 Petition; Reasons
for Agency Response, 82 Fed. Reg. 11,878 (Feb. 27, 2017). In denving the fluoride petition,
EPA determined that the epidemiology studies urged in support of the petition had “significant
limitations,” including issues with study quality, uncontrolled confounders, and the lack of a
dose-response relationship, such that the collective weight of evidence did not support granting

the petition. For example, EPA stated that:

[mlany of the human studies cited in the petition are cross-sectional in design, . . .
are affected by antecedent-consequent bias . . . [and] are rarely suitable for the
development of a dose-response relationship for risk assessment. . . . In
epidemiology, studies using cross-sectional data are most often used to generate
hypotheses that need to be further studied to determine whether a3 ‘true’ association
is present. ” B2 Fed. Reg. at 11,882, 11,884, Importantly, the Agency stated that a
“single epidemiological study is not sufficient to ‘corroborate’ neurotoxic health
effects, ag stated in the petition.” Id at 11,884 (emphasis added). Finally, EPA
observed that cross-sectional studies are “most useful for developing hypotheses
about possible causal relationships between an exposure and a health effect, but are
rarely suitable for the development of a dose-vesponse velationship for risk
ASSE8IMent.

Id. at 11,882 (emphasis added).
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B. The Absence of the Raw Data Underlying the Epidemiology Studies Precludes
Reliance on These Studies to Change the Current Regulatory Standard.

Principles of sound science dictate that the Agency must have access to all the raw data
underlying the epidemiology studies before relying on them to make a regulatory decision.
“Accessibility to the raw data would also further an evaluation of the exposure and health
groupings, which may not be included in the peer review publications. . . . [TThis would permit
an assessment of the reliability of the findings.” Burns Decl, 4 25, Indeed, “{tihe lack of full
accesaibility to data and analvtical results is a threat to scientifically-valid public health decision
making.” /d. 4 24. Moreover, “[a] systematic review of the published data is incomplete without
having the complete analytical results to address more complex relationships that are not
disclosed in the scientific epidemiology publications.” /4 In addition, “[t]ransparency of the
full scope of exposure data and outcomes, mcluding those that show no effects, for the
Columbia, Mt. Sinai and CHAMACOS studies, for example, would permit improved
comparisons across studies.” Jd. 425,

But principles of sound science were not followed with respect to the epidemiology data. As
set forth in the following chronology, and summarized on EPA’s website, Chlorpyrifos: EPA’s

Seven Year Quest for Columbia’s Raw Data, available at https://www.epa.govimgredients-used-

pesticide-products/chiorpyrifos-epas-seven-vear-guest-columbias-raw-data, EPA repeatedly

recognized the need for the raw data and requested the raw data from the Columbia researchers,
but did not receive any meaningful raw data in response to its requests:

e January 25, 2013 Letter from Steve Bradbury at EPA to PAN/NRDC, stating that “[i]n
order to complete both the dose reconstruction and analyses on other chemical exposures,
however, we will need to analyze the original data (‘raw data’) from the Columbia
University study to better understand the exposure to chlorpyrifos and other chemicals.
To date, the study authors have declined our request to provide [the raw data] to us, but
we are continuing to discuss our need for evaluating these data with the study authors and
we are hopeful that a resolution can be reached.” Jan. 25, 2013 Lir. from 8. Bradbury to
PAN/NRDC at 4, EPA-HQ-OPP-2007-1005-0097.

e April 2013: Meeting between representatives from OPP and Columbia researchers,
during which the Columbia researchers did not agree to provide the raw data. Response
to Cormments at 19. EPA did not provide public notice of the meeting, and there are
apparently no minutes or transcripts of the meeting. See DAS Response to RHHRA at
28. According to EPA’s Response to Comments, the Agency learned during that meeting
“that the kinds of exposure information (e.g., timing of applications) requested were not
collected by the investigators and therefore unavailable.” Jd. The Agency thus
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“concluded that access to the raw data would not provide answers to the EPA’s
questions.” Id. The Agency provided no explanation for this conclusion. Moreover, as
further discussed in DAS’s Response to the 2014 RHHRA, EPA’s closed-door meeting
with Columbia researchers did not result in the production of the raw data that EPA
repeatedly said it needed to be able to use the Columbia study in the Agency’s risk
assessment. DAS Response to RHHRA at 28,

Summer of 2015: Another Agency request for raw data, in response to which Dr. Dana
Barr of Emory University gave the Agency “limited raw urine and blood data in her
possession from the three cohorts.” Response to Comments at 19. The Agency described
these files as “not nseful for the agency’s current purpose of assessing risk from
chlorpyrifos.” Id.

March 29, 2016: EPA released an Issue Paper prior to the April 2016 SAP, in which it
provided “additional summary information on the blood biomonitoring dats.” Zd. at 20.
This summary information did not include raw data.

Aprit 19, 2016 Letter from Jack Housenger at EPA to Dr. Linda Fried at Columbia
University, in which EPA again requested raw data from Columbia researchers,
observing that the study was supported by federal grant funds and noting concerns with
EPA’s ability to “address our transparency goals as well as public feedback regarding
access to the original (‘raw’) data.,” Apr. 19, 2016 Lir. from J. Housenger to Columbia
University at 2, EPA-HQ-OPP-2008-0850-0871,

August 1, 2016: Meeting between the Agency and Columbia researchers, during which
Columbia “discussed the possibility of the EPA team visiting the data center to work with
dataset in a secured enclave, however, EPA stressed that the transparency issue is not
resolved by merely allowing access to EPA to the data and not making a dataset available
for others to perform their own analysis.” Chlorpyrifos Dataset Discussion: Columbia
Center for Children’s Environmental Health Mothers and Newborns Study at 2 {Aug. 1,
2016), EPA-HQ-OPP-2008-0850-0930.

Janmary 2, 2018 Letter from Richard Keigwin of EPA to Dr. Linda Fried at Columbia
University, in which EPA once again requested dataset in order to address the “well-
documented concerns on the reliance of this study in OPP’s human health risk assessment
for chlerpyrifos,” and noting EPA’s particular interest in “additional analyses of the
available epidemiological studies using the actual data, including examining the log
transformation for chlorpyrifos with WISC-1V scores.”

January 8, 2018: Email from Dr. Linda Fried to EPA stating that EPA needs to “clarify
the information requests in [EPA’s January 2, 2018] letter.”

No apparent progress in obtaining the raw data since EPA’s January 2018 request.
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This chronology illustrates that there are three categories of raw data at issue regarding the
Columbia study: data that do not exist, data that are meaningless, and data that the Columbia
researchers have refused to disclose,

As to the first category, EPA learned during a meeting with Columbia that data regarding

3%

pesticide product use among cohort participants were of “such poor guality

essentially, non-
existent-—that they were of no use in assisting EPA “to better understand the pattern and
frequency of organophosphate pesticide use among cohort participants.” See 2014 RHHRA
App. 6, at 387, In addifion, the Columbia researchers informed EPA during that meeting that
they had no data regarding the impact of postnatal exposures to polyceyclic aromatic hydrocarbon
(“PAH") on neurodevelopmental outcomes, which the 2012 SAP had identified as a concemn
because PAH is a “a ubiquitous air pollutant in inner-city areas such as NYC,” and could have
influenced the reported neurodevelopmental outcomes. /d. at 389, EPA’s inability to have
critical raw data underlying the Columbia study precluded EPA from testing the validity and
reliability of the very controversial study results.

As to the second category, the information that Dr. Dana Barr disclosed to EPA was
meaningless, and the “summary information” provided by the Columbia researchers to EPA and
released prior to the 2016 SAP is mnsufficient to address concerns about the lack of raw data.
This summary information appears to be the information referenced in the 2016 Chlorpyrifos
Issue Paper, released prior to the April 2016 SAP. The “summary information” did not allay the
2016 SAP’s concerns regarding unavailability of the raw data. Despite having this information
at their disposal, the 2016 SAP nevertheless found numerous problems with the Columbia
study’s findings, and repeatedly criticized the lack of raw data. For example, the SAP stated
that:

[I]t’s been said several times, having data would help people draw their own
conclusions, inchiding the agency, on how to proceed. . .. [NJot having duta was
Just amazing, flabbergasting, What's going on? . . . In order for a registrant to put
a new pesticide on the market or o re-register a pesticide the data has to be very
vigorous, Now we're looking at something the opposite. . .. So if we're basing
this on one study where 1t’s not been reproduced, you can’t get the actual hard data,
there's lots and lots of points below levels of detection, one has to give that really
serious thought.
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2016 SAP Tr. at 494, 766 (emphasis added). EPA may not satisfy its obligation to make
regulatory decisions for chlorpyrifos based on reliable data by relying on summary information
deemed insufficient by the SAP.

As to the third category of raw data—data in Columbia’s possession that EPA has been
unable to obtain—as more fully discussed in DAS’s January 2017 comments, any EPA reliance
on the Columbia study without obtaining and reviewing the underlying raw data would be

arbitrary and capricious, in violation of the Administrative Procedure Act (“APA™). See DAS

EPA cannot meet its statutory obligations under the FFDCA to properly consider “the validity,
completeness, and reliability of the available data from studies of the pesticide” under FFDCA

§ 408(LY2YD), 21 U.S.C. § 346a(b) (DY) Id. at 59. See also Seed Decl. § 18 (“EPA is
unable to assess the ‘validity, completeness, and reliability of the data,” as it is statutonly
required to do, without the raw data underlying the Columbia study and other epidemiology
studies.”). In addition, since registrants are required to provide EPA with access to dats,
Columbia’s position creates a double standard. See also 2012 Bradbury Letter at 20 ("Registrant
generated data, in response to FIFRA and FFDCA requirements, are conducted and evaluated in
accordance with a series of internationally harmonized and scientifically peer-reviewed study
protocols designed to maintain a high standard of scientific quality and reproducibility.”).

DAS submitted a Freedom of Information Act ("FOIA”) request to EPA for the raw data
underlying the Columbia, Mt. Sinal and CHAMACOS epidemiology studies in December 20135,
in response to which EPA released very limited files on March 1 and 2, 2016, However, “[njone
of the data files EPA provided for the Columbia, Mt Sinai and CHAMACOS Studies in
response to DAS’s FOIA Request identify whether each study subject was the mother or the
child. Such information is critically tmportant to draw any conclusions from the data provided.”
Burns Decl. 434, What's more, only a few of the data files EPA provided appeared to be
relevant to the Columbia study:

[Olnly five of the 39 files provided by EPA in response to DAS’s FOIA Request
appear to have any relevance to the Columbia study. Of those five files, only two
files appear to relate to chlorpyrifos levels in blood. Of those two files, one file has
141 unigue study subjects and the other has 279 subjects. However, only 29
subjects in each of these two files have values for chlorpyrifos, representing 21%
and 10% detection for each file, respectively. This number is vastly inconsistent
with the number of blood samples purportedly having detectable levels of
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chiorpyrifos reported in published articles for the Columbia Study. . . . In sum, the
data files provided by EPA do not come close to matching the sample sizes or
percentages of chlorpyrifos detection reported in published articles for the
Columbia study.

In addition to these issues, the data files EPA released in response to the FOIA request
“fail to provide any information regarding infant or maternal characteristics, or as to the results
of any 1Q or other nevrodevelopment testing. Thus, it is impossible from the information
provided by EPA to link any blood or urine saraples or any alleged exposures to chlorpyrifos
with neurodevelopment impacts.” Id §34. Moreover, “many of the data files are unlabeled and,
thus, it is not known to what extent, if any, they are relevant to any of the epidemiology studies.”
id. % 35. “The deficiencies in the data EPA provided . . . make it impossible for an
epidemiologist to draw any meaningful conclusions from the data or to replicate or otherwise
support the published epidemiology studies which are purportedly based on the data.” Id. ¥ 36.
Thus, the data EPA provided in response to DAS’s FOIA request were “meaningless and cannot
be used to assess the accuracy and reliability of the epidemiclogy studies.” Id. 930, The
deficiencies in these data are such that “EPA does not have access to meaningful data underlying
the Columbia, Mt. Sinai or CHAMACOS epidemiology studies.” [d ¥ 36.

In sum, none of the data EPA provided i response to DAS s FOLA request fall into the
critical third category of data discussed above-—data the Columbia researchers have refused to
disclose that are necessary to fairly evaluate the study’s conchusions. The data EPA did provide
were incomplete and insufficient to assess the accuracy, reliability, and replicability of the
Columbia, Mt. Sinai and CHAMACOS studies. Any reliance on the Columbia, Mt Smai and
CHAMACOS studies in the face of these defictencies mn the raw data would not be consistent
with sound and rational science. See Seed Decl. 18 (“Lack of access to raw data limits EPA’s
ability to assess the strength, accuracy, and generalizability of the Columbia study and other
epidemiclogy studies. It also precludes replication of the research, These are cornerstones of
robust scientific inquiry, which are absent from any effort to apply the epidemiology studies to
chlorpyrifos.”™). The 2016 SAP was also deeply concerned that EPA did not have the raw data
underlying the Columbia study. See, e.g., 2016 SAP Tr. at 494. By any measure, the lack of
access to the raw data for the epidemiclogy studies is inconsistent with science-based,

transparent, and rigorous regulatory risk assessment and decision-making. This 1s especially true
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given that these studies have been so heavily criticized and where the product af issue is of such
importance to U.S. agriculture.

. Even if the Cord Blood Results were Reliable and Valid, Several Factors Other
than Exposure to Chlorpyrifos Can Explain the Effects Purportedly Observed in
the Columbia Study.

Many factors can influence childhood development—both for better or worse—and could
explain the effects purportedly observed in the Columbia study. The Columbia study does not
address numerous confounding factors, calling into guestion the reliability of the study’s
findings. For example, “[t]he published articles {for the Columbia study] fail to account for
iron deficiency and the paternal 1Q, and the medical records assessment {e.g., Apgar scores,
maternal medication) and analysis are not explained.” Dr. Banner Comments to April 2016
SAP at 5, EPA-HQ-OPP-2016-0119 (Apr. 18§, 2016) (“Dr. Banner Comments”) (citing
Lozoff, B. et al., Long-term Developmental Outcome of Infants with Iron Deficiency, New
England Journal of Medicine, 325: 687-694, Sept. 1991, Hulthén, L. Iron deficiency and
cognition, Scandinavian Jouwrnal of Nutrition, 47(3): 152-156, Feb. 2013).

Other important factors can profoundly mfluence childhood development, but were
similarly unmeasured in the Columbia study. These include nutritional deficiencies (lack of
iodine, vitamin D, vitamin B, as well as unhealthy diets, including excessive mtake of sugar and
fat); exposure to other materials in the environment (such as heavy metals and solvents); and
other external stressors. For example, the published articles for the Columbia study “fail to
account for socioeconomic stressors, including alcohol and drug use and violence, which
have been proven to have a direct impact on neurodevelopmental outcomes.” D, Banner
Comments at 5 {citing Mills, R. et al., Child dbuse and Neglect and Cognitive Function ar 14
Years of Age: Findings From a Birth Cohort, Pediatrics, 4-10, Dec. 6, 2010; Shonkotf, I.P. e
al., The Lifelong Effects of Early Childhood Adversity and Toxic Stress, Pediatrics, 129:
e232--e246, Dec. 2011; LaGasse, L. ef al., Prenatal Methamphetamine Exposure and
Childhood Behavior Problems ai 3 and 5 Years of Age, Pediatrics, 681-88, Mar. 2012;
Johnson, 8. et al., The Science of Early Life Toxic Stress for Pediatric Practice and
Advocacy, Pediatrics, 319-327, Feb. 2013). In addition, studies have shown that maternal

gtress, bereavement, and depression—also unaccounted for by the Colurnbia study
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mvestigators—can result in decrements in childhood neurodevelopment. (Mink, Kimmel, and Li
2012; Eaton et al. 2008).

“Perhaps most concerning, however, is the published articles’ fatlure to accurately
account for gestational age (*GA”) as a confounding variable.” /d. Indeed, “[nlew lines of
research have demonstrated that gestational age has a significant effect on neurodevelopmental
outcomes. The difference of even one week in a baby’s age at birth can lead to adverse
neurodevelopmental effects, including lower scores on the Bayley scales of mental and motor
development.” Id. at 5-6 {citing Espel, E.V. et al., Longer Gestation among Children Born Full
Term Influences Cognitive and Motor Development, PLOS ONE, Nov. 25, 2014). This research
on gestational age “has led to changes in obstetrical practices during the time of the Columbia
study.” Id. at 6.

The Columbia study’s authors do not explain how they calculated gestational age, yet:

[tThe American College of Obstetrics and Gynecology (FACOG”) has guidelines
for how to accurately measure gestational age for scientific research purposes, and
cautions that, without a first-trimester ultrasound, a measure of gestational age is
inaccurate by more than § days more than 40% of the time.® There is no indication
that the Columbia Study investigators measured gestational age in accordance with
ACOG guidelines, raising questions as to whether the Columbia Study data on this
key covanate are scientifically sound. This is particularly concerning given that
gestational age was a consistently significant covartate in the Perera (2003), Wyatt
{2004), and Whyatt (2003) articles (indeed the strongest covariate in the 2003
Perera and 2004 Wyatt articles), and in light of new research suggesting that
gestational age significantly influences neurodevelopmental outcomes.

Id. This fatlure to account for gestational age 18 especially concerning given that

one of the Columbia Study’s principal investigators, Dr. Virginia Rauh, co-
authored an article in 2012 which found that gestational age was a key factor in
predicting neurodevelopmental outcomes in children at eight years of age. This
recognition clearly shows that gestational age 1s an important covariate, and yet the
2006 Rauh, er al atticle, Impact of Prenatal Chlorpyrifos Exposure on
Newrodevelopment in the First 3 Years of Life Among Inner-City Children, wholly
fails to explain how the researchers measured gestational age. Moreover, in the
meodel reported in the article, which claims to demonstrate an impact at 36 months,
well-known covariates such as maternal IQ are not used. Without the underlying
raw data and a more detailed explanation, it is impossible to assess whether
these important confounding variables were accurately measured or used. The
failure to explain how gestational age was measured also taints the sensitivity

® Committee on Obstetric Practice, American Institute of Ultrasound in Medicine, Society for
Maternal-Fetal Medicine, Method for Estimating Due Date, Comm. Op. No. 611, Oct. 2014,
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analysis for the Columbia Study since the inaccuracy may be 40% or more.
Even if the investigators accurately measured gestational age, the inclusion of
study subjects with a gestational age as low a3 30 weeks and weights as low as
1295 grams in Rauh, ef ol 2011 casts doubt on the article’s conclusions, in light
of the demonstrated link between severe prematurity, gestational age and
neurodevelopmental outcomes. Indeed, in this article gestational age does not
appear to have been used in the model as a covariate, Since birthweight is
generally a function of [gestational age], it is also critical to consider whether
these babies fell within normative data for weight based on their [gestational
age]. Growth that is both small for [gestational age} and large for gestational
age poses newrodevelopment risks to the baby at the time of birth.

Id at 6-7.

In sum, the above alternate explanations for the effects purportedly observed in the
Columbia study need to be fully considered and accounted for when assessing the Columbia

study.

D. Other Epidemiology Studies Do Not Support the Columbia Study’s Findings.

Petitioners” Objections suggest that the CHAMACOS and Mt. Sinai studies lend
credibility to the Columbia study, and that they “produced strongly convergent results.”
Petitioners” Objections at & The CHAMACOS and Mt. Sinai studies, however, assessed non-
specific organophosphate metabolites in maternal urine and did not examine chlorpyrifos
specifically. PHHRA at 31, See also 2008 SAP Minutes at 31 (“[M]etabolites not specific to
chlorpyrifos exposure were measured and reported {in the CHAMACOS and Mt. Sinat studies],
including those of other OPs and carbamates.™).

As a preliminary matter, “there are significant problems with the design and execution of
the CHAMACOS and Mt. Sinai studies that preclude a detenmination that the associations
observed represent causal ones, and that the contributions of chance, bias and confounding
cannot be ruled out.”™ Declaration of Dr. Gregory Bond (“Bond Decl.”}, Attach. E. § 27, See
also 2008 SAP Minutes at 36 (“The Panel acknowledged that there are potential confounders and
issues that reduce the utility of both the Mt. Sinai and {CHAMACOS] cohorts for risk
assessment. For example, both studies measure organophosphate metabolites in urine but
chlorpyrifos is not specifically measured.”). Further, “[wlith respect to infant health, the
CHAMACOS and Mount Sinai studies estimated chlorpyrifos reported exposure using the

metabolite urinary 3,5,6-trichloro-2-pyridinol (TCPy} in maternal urine prior to delivery. The
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data failed to show a statistically significant association of chlorpyrifos exposure and head
circumference, birth weight or birth length.” Burns Decl. § 16. “Uniquely, the CHAMACOS
study collected two urine samples during pregnancy and annually from the developing child.
None of the urinary TCPy measures were reported to be associated with any adverse outcomes,
including any neurodevelopmental outcomes measured.” Jd. 921, The CHAMACOS and Mt.
Sinat studies have also not replicated hypotheses generated by the Columbia study:

Working Memory {(a domain of the Wechsler scale of intelligence (1Q) test) is
another example for which other study results have not replicated the hypotheses
generated by the Columbia study. While inversely associated with chlorpyrifos in
plasma in the Columbia study children, Working Memory was not statistically
associated with the urinary metabolite DEP in the CHAMACOS or Mt Sinai
studies. Two other simularly designed studies, (the Health Outcomes and Measures
of the Environment Study conducted in Cincinnati, Ohic and the PELAGIE study
in France), also did not replicate the Columbia study IQ findings.

Jd §19.

Moreover, the CHAMACOS and Mt. Sinat studies did not confirm the Columbia study’s
purported findings regarding attention-deficit hyperactivity disorder (FADHD”):

Among scheol age children, the Columbia study investigators reported that
chlorpyrifos levels were associated with ADHD problems as measured with the
Child Behavior Checklist (“CBCL™) (OR = 6.50, 95% CI 1.09-38.69) (Rauh ef al.
2006}, but this association was not replicated in the CHAMACOS study using the
mean of 2 prenatal urinary metabolite dicthylphosphate (DEP) concentrations {OR

that is roore specific to chlorpyrifos than DEP, was not associated with any outcome

in the CHAMACOS study. Further, the two publications of attention problems

from the CHAMACOS study have mixed results across age groups of the children

and different urinary organophosphate metabolites (Eskenazi et o/ 2007, Marks et

al. 2010). ADHD was not evaluated by the Mt. Sinai study. The CHAMACOS

and Mt Sinai studies therefore do not confirm the Columbia study’s observations

regarding ADHD,
4917,

In summ, “{tihe newrodevelopmental outcomes have been overgeneralized across studies.
The specific results are not reproduced from the other studies, which severely undermines any
claim of a link between neurcdevelopment effects and chlorpyrifos exposures.” Id 922, Thus,
“I'wlhen considering statistical testing in total across all studies, the other studies do not support
or replicate the Columbia outcomes.” 7d 9§ 20, Additionally, “[rleliance on unreplicated

epidemiology studies lacks scientific vigor, is contrary to Agency policies of data access and

37

ED_002962_00002792-00041



fransparency in scientific decision-making, {and] disregards EPA’s statutory obligations to make
decisions based on valid, complete, and reliable scientific datal.]” 74 9 10. Reliance on
unreplicated studies also “ignores a critical, scientifically robust database of toxicological and
other studies submitted to EPA showing that current uses of chlorpyrifos meet relevant safety
standards.” Jd.

Prior FIFRA SAPs have identified limitations with the Columbia, CHAMACOS, and Mt
Sinai studies, For example, the 2012 SAP, convened to review the Agency’s preliminary
conclusions regarding a “weight-of-evidence” approach to integrating epidemiclogic research in
its assessment of neurodevelopmental outcomes, observed that the studies were insufficient to
dertve a PoD. The panel recognized “the limitations of estimating chiorpyrifos exposures based
on the exposure measures collected in {the Columbia study, the Mt. Sinai study, and the
CHAMACOS study]” and thus “concur{red] with EPA that the data generated from these studies
alone [were] not adequate enough to obtain a point of departure (POD) for the purposes of
quantitative risk assessment.” 2012 SAP Minutes at 19; see also id. at 50 (“[TThe use by the
three studies of different exposure matrices . . . and different targeted analytes . . . [made] the
effort of deriving a definitive POD based on those data alone impossible.”™). Importantly, the
Panel found that the three epidemiology studies under consideration, including the Columbia
study, “were primarily focused on assessing health outcomes associated with a variety of
environmental factors, and were not designed to conduct a quantitative exposure assessment for
chlorpyrifos.” Id. (emphasis added).

The 2008 SAP also identified deficiencies in the Columbia, CHAMACOS and Mt Sinai

£19

epidemiological studies: “[olne of the key limitations of the epidemiological studies is that the
gxposure data were collected at single time point and lack information on the long-term exposure
level and duration.” 2008 SAP Minutes at 45. A second key limitation the Panel identified was
that “the subjects in two of the cohort studies [Mt. Sinai and CHAMACOS] had multiple
chemical exposures including multiple AChE-inhibiting insecticides{.]” Jd.

In addition, multiple published reviews of epidemiologic findings of Columbia, Mt.
Sinai, and CHAMACOS describe the evidence as inadequate, inconsistent, and trmplausible
(Eaton ef af. 2008; Li et af. 2012; Mink et o/, 2012; Needham 2005; Weselak ef ol 2007; Zhao et
al. 2008). Similarly, the authors of a hypothesis-based weight of evidence analysis of

chlorpyrifos concluded that the epidemiologic data were inconsistent. Prueitt ef ol (2011}, In
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short, the results of these birth cohort studies are conflicting and contradictory and do not
implicate chlorpyrifos as a developmental toxicant. See Burns Decl. 920 (*When considering
statistical testing in total across all studies, the [CHAMACOS and Mt. Sinai] studies do not
support or replicate the Columbia outcomes.™).

Indeed, as time has passed, more epidemiology studies have been conducted examining
purported links between chlorpyrifos exposure and neurodevelopmental outcomes. Far from
supporting the findings of the Columbia, CHAMACOS, and Mt. Sinai studies, this growing body
of literature is confirming the opposite conclusion—that there is no consistent, clear evidence of
associations between prenatal or childhood exposure to chlorpyrifos at levels below the current
regwlatory standard and adverse neurodevelopmental effects, including autism spectrum
disorders (“ASD”} and intelligence. See, e.g., Schumidt ef al. 2017 {(no or non-significant
association between chlorpyrifos exposure and ASD); Coker et ¢f. 2017 and Gunier, Bradman,
Harley, Kogut, ef al. 2017 (no significant relationship between chlorpyrifos use and Full Scale
1Q). Even a more recent publication by the CHAMACOS study investigators that examined
residential proximmty to chlorpyrifos use found no statistically significant agsociations between

chlorpyrifos use and ASD-related traits. Sagiv ef ol 2017,

ViI. LEGAL FRAMEWORK

A. The FQPA and FFDCA, Including the Safety Factor Provision, Are Not Statutes
Based on the Precautionary Principle.

Regulatory decisions under the FQPA and FFDCA, including the application of a safety
factor, should be guided by two fundamental threshold principles. First, the food safety standard
under the FFDCA and the FOPA is based on reasonable certainty of no harm, not absolute
certainty of no harm. See Seed Decl. 916, While “a reasonable certainty of no harm™ is not
expressly defined in these two statutes, the term is described in the history of the 1958 Food
Additives Amendments to the FFDCA with respect to the safety standard that the Food and Drug
Administration 18 to apply in approving food additives under FFDCA § 409, In those
amendments, Congress made it clear that the safety determination under the reasonable certainty
of no harm standard does not require absolute proof of safety: “Safety requires proofofa
reasonable certainty that no harm will result from the proposed use of an additive. It does not—

and cannot—require proof beyond any possible doubt that no harm will result under any
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conceivable cireumstance.” 5. Rep. No. 2422, 85th Cong., 2d Sess. 6, reprinted in 1958
U.S.C.CAN. 5300, 5305; see alse HR. Rep. No. 2284, 85th Cong,., 2d Sess. 4-5 (1958). FQPA
established a single regulatory framework under FFDCA § 408 for pesticide residues in both raw
and processed foods. Sze H.R. Rep. No.104-669, pt. 2, 104th Cong. 2d Sess. 43, reprinted in
1996 U.S.C.CAN. 1268, 1282; Food Quality Protection Act of 1996, Pub. L. No. 104-170, §
402, 110 Stat. 1489, 1513 (1996}, Prior to that time, EPA was responsible for establishing any
food additive regulations needed under FFDCA § 409 for pesticide residues in processed foods
that exceeded the levels set in tolerances for raw agricultural commeodities by EPA under
FFDCA § 408.

Clear from the foregoing is that FQPA and FFDCA are not statutes based on the
precautionary principle, under which all doubt must be exhausted before tolerances may be
established for a crop protection product. Atfempting to capture any doubt whatsoever to create
“uncertainties” for purposes of applving an FQPA safety factor of 10X may be consistent with
the precautionary principle, adopted by certain other countries, but it 18 not consistent with the
statutory standard of reasonable certainty of no harm here in the United States.

B. The Agency Must Have Valid, Reliable Data to Make Regulatory Decisions,
Including to Set a Safety Factor.

The second fundamental threshold principle that must guide the Agency 1s that its
decisions must be based on valid, reliable data. This is especially true in deciding whether to
apply a safety factor. Specifically:

e Tolerance revocations must be based on valid and reliable science — 1.e., based on
“the validity, completeness, and reliability of the available data from studies of
the pesticide chemical and pesticide chemical residue[s].” FFDCA
§ 408(bU DY), 21 ULE.C. § 346a(b)(2WD)1). The application of a safety factor
in order to revoke a tolerance is subject to no less a standard of validity,
completeness, and reliability,

& “EPA uses available, reliable data when considering the need to raise, retain,
modify, or remove the 10-fold additional safety tactor.” EPA, Progress Report:
Implementing the Food Quality Protection Act (1999) (“EPA Progress Report”) at
18 {emphasis added).

e Data that are not replicable, and in some cases not available, are not reliable. “In
the context of epidemiology, reliability general[ly] refers to the ability to
reproduce results . . .7 EPA, Draft Framework for Incorporating Human
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Epidemiologic & Incident Data in Health Risk Assessment at 18 (Jan. 7, 2010) at
18 (“Draft Framework™).

» Data that do not accurately reflect exposure are not valid. “In the context of
epidemiology . . . validity generally refers to the extent that exposure estimates
reflect true exposure levels.” Id.”

Further, while “EPA considers all relevant data in its risk assessment analysis, [it] should
act on only reliable and valid data. The same is true for FQPA safety factor determinations.”
Seed Decl. § 14 (citing EPA, Determination of the Appropriate FQPA Safety Factor(s) in
Tolerance Assessment (“Safety Factor Policy™) at 29, 31 (2002) (“As part of the toxicological
considerations, OPP evaluates potential pre- and postnatal toxicity on a case-by-case basis taking
into account all pertinent information. . .. As in any weight-of-evidence approach, it is
important to consider the quality and adequacy of the data, and the consistency of responses
induced by the chemical across different studies.”) {(emphasis added)); EPA Progress Report, at
18.

In addition, tolerances cannot be revoked without valid and reliable data because
registrants have a protectable property interest in their registration. Indus. Safety Equip. Ass 'n v,
EPA, 656 F. Supp. 852, 856 (D.D.C. 1987), aff’d, 37 F.2d 1115 (D.C. Cir. 198%) (“It is well
settled that an agency license can create a protectible [sic] property interest, such that it cannot
be revoked without due process of law.™); Reckitt Benckiser, Inc. v. Jackson, 762 F. Supp. 2d 34,
45 (D.D.C. 2011 (A FIFRA registration i3 essentially a license to sell and distribute pesticide
products in accordance with the terms of the registration and the statute.”); Mem. & Order,
Pesticide Action Network of N. Am. v. EPA, No. C 08-01814 MHP, at 4 (N.D. Cal. July 8, 2008},

ECF No. 43 (“The registrations involved here are essentially government licenses to produce,

7 EPA has also recognized the need for valid, reliable data in other contexts. For example,
FIFRA’s interim administrative review provision states that “the Administrator may not initiate a
public interim administrative review process to develop a risk-benefit evaluation of the
ingredients of a pesticide or any of its uses prior to initiating a formal action to cancel, suspend,
or deny registration of such pesticide, required under this subchapter, unless such interim
administrative process is based on a validated test or other significant evidence raising prudent
concerns of unreasonable adverse risk to man or to the environment.” 7 U.5.C. § 136a(c){(8)
(emphasis added). The term “validated test” is defined as “a test conducted and evaluated ina
manner consistent with accepted scientific procedures,” and the term “other significant evidence”
is defined as “evidence that relates to the uses of a pesticide and their adverse risk to man or to
the environment.” Pesticides/Interim Administrative Reviews, Proposed Definitions of
“Validated Test” and “Other Significant Hvidence,” 44 Fed. Reg. 9626, 9627 (Feb. 14, 1979).
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distribute and sell pesticides . . . [and] therefore constitute property[.1”). It is therefore essential
that the Agency have valid and reliable data and conduct a thorough, science-based assessment

for its regulatory decision-making.

C. EPA Addressed the FQPA’s 10X Safety Factor Provision by Relving on a Robust
Set of Animal Toxicological Data that Accounted for Children’s Susceptibility.

Starting n 2014 with the RHHRA, EPA has suggested that if should raise the FQPA
safety factor to 10X due to “uncertainty” derived by the Agency on the basis of the Columbia
study and other epidemiology studies. But that approach is not consistent with Agency guidance
on setting safety factors. EPA’s Safety Factor Policy states that “[i}f toxicity data indicate no
concern for pre- and postnatal toxicity, then the risk assessor should treat the presumption for use
of the default 10X safety factor as having been obviated with respect to the potential for pre- and
postnatal toxicity.” Safety Factor Policy at 29, Additionally, EPA “does not establish FOQPA
safety factors for chemicals based on speculation or the elimination of all possible doubt.” Seed
Decl. § 16. Here, the Agency has “toxicity data in the form of robust and reliable animal studies
which address children’s susceptibility and showed no concern for pre- and postnatal toxicity.”
Id %23, The Agency therefore set a safety factor of 1X for chlorpyrifos in its 2006 Cumulative
Risk Assessment. EPA thus addressed the FOPA 10X safety factor provision with a robust and
reliable set of animal data. Due to their significant Himitations and deficiencies, the
epidermiology studies do not change this outcome.

It is clear from the FQPA that EPA cannot raise the safety factor to 10X based on data
that do not meet standards of reliability and validity when the Agency has already made a safety
factor detemnina‘tiom based on a robust and relisble set of animal data that account for children’s
susceptibility. Seed Decl. 9 23 (“Studies like the Columbia study that are not reliable for
regulatory decision-making cannot be used to increase that 1 X safety factor determunation.”).

When Congress passed the FOPA, it did not contemplate that unreliable epidemiology
studies could be used to upset the Agency’s safety factor determination that was based on a
complete, reliable set of animal toxicology data that accounts for children’s susceptibility.
“[The focas of EPA’s 10X safety factor determination has been on the robustness and
completeness of the animal toxicology data set.” . 21, Indeed, DAS is not aware of any
other chemical for which EPA had a complete, reliable animal toxicology data set supporting an

FQPA safety factor below 10X, as 15 the case for chlorpyrifos, but relied on epidemiology
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studies having numerous issues regarding validity and reliability and for which the underlying
raw data were unavailable to drive up the FQPA safety factor to 10X, See id. 9 23. Here, “the
epidemiology studies that are currently available with respect to chlorpyrifos exposure and
possible neurodevelopmental effects are not valid and reliable for purposes of showing that there
is an exposure hazard for chlorpyrifos that is not already accounted for in the current regulatory
standard, and cannot be used fo increase the Agency's 1X safety factor determination.” Id. § 4.
The toxicological studies advanced as supporting epidemiology research linking chlorpyrifos
exposure and neurodevelopmental effects are similarly not reliable as a basis for increasing the

Agency’s safety factor determination. See, e.g., Section V.A., supra; Appendix A.

D. EPA Cannot Rely on the Epidemiology Studies for Regulatory Decision-Making

without the Underlying Raw Data.

As detailed in DAS s prior comments, EPA’s reliance on the Columbia study (or any of
the additional epidemiology studies) without access to the raw data would violate principles of
sound science, Agency policies regarding data access and transparency, and SAP guidance, and
would be arbitrary and capricious. See, e.g, DAS Comments on 2016 RHHRA at 59-61. In
particular, OMB Circular A-110 mandates the public disclosure of data underlying federally
funded studies used to develop agency action that has the force and effect of law. Morveover,
without all of the raw data from the Columbia study and other epidemiology studies upon which
the Agency may rely, EPA could not meet its statutory obligations under the FFDCA to properly
consider “the validity, completeness, and reliability of the available data from studies of the
pesticide.” FFDCA § 408(b)2XD)(1), 21 US.C. § 340a(b)2)D)(1). In addition, without the
underlying data from the Columbia study and other epidemislogy studies, results cannot be
replicated and are therefore not reliable under the FFDCA. See DAS Comments on 2016
RHHRA, § VIL

Several courts have held that an agency must have and make available all of the raw data
underlving a study in order to rely on that study for rulemaking, and that such data must be
“reliable.” See, e.g., United States v. Nova Scotia Food Prods. Corp., 568 F.2d 240, 251 (2d Cir.
1977 (fatlure to disclose scientific data relied upon by agency in fashioning a proposed rule
prevented the agency from considering all “the relevant factors,” made the rule procedurally
erroneous and therefore invalid)y, NRDC v, EPA, 658 F.3d 200, 218 (2d Cir. 2011 (EPA had

acted in an arbitrary and capricious manner by relying on a study that was not “reliable data” to
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lower the FQPA safety factor); Endangered Species Comm. of Bldg. Indus. Ass'nv. Babbitt, 852
F. Supp. 32, 36-38 (D.D.C, 1994), as amended on veconsideration (Fune 16, 1994) (observing
that “where an agency relies upon data to come to a rulemaking decision, it generally has an
obligation under the APA to provide such data for public inspection],]” and holding that
agency’s failure to make data available to interested parties violated the APA). See also Zero
Zone, Inc.v. U.S. Dep 't of Energy, 832 F.3d 654, 670 (Tth Cir. 2016) (observing that “[s]everal
of our sister circuits have held that among the information that must be revealed for public
evaluation are the technical studies and data upon which the agency relied”) {internal quotation
marks and citation omitted).

It has bheen suggested in the past that Coalition of Battery Recyclers Ass'n v. EPA, 604
F3d 613 (D.C. Cir. 2010), and American Trucking Ass ms v. EPA, 283 F.3d 355 (D.C. Cir. 2002)
stand for the proposition that EPA need not obtain the raw data. Both cases are readily
distinguishable. In Coalition for Battery Recyclers, the petitioners failed to raise the need for the
raw data until rebuttal at oral argument, and failed to identify errors that would make reliance on
the study at issue arbitrary and capricious. In American Trucking, the agency was not relying on
a taxpayer-funded study to take unprecedented regulatory action in the absence of underiying
raw data, nor was there any indication that EPA failed to request and disclose the data in
response to a FOIA request pursuant to OMB Circular A-110. In contrast, here, EPA is required
to request and disclose the raw data underlying the Columbia study, which was supported by
federal funds, in response to numerous FOIA requests submitted by DAS and others (most
recently on August 19, 2016), pursuant to OMB Circular A-110, and EPA itself has repeatedly

requested the raw data from the Columbia researchers, who have refused to provide them.®

8 Indeed, if FPA were to shift course again and proceed with revoking all tolerances and
canceling chlorpyrifos registrations, its failure to disclose the raw data on which ifs proposed rule
was based would be procedurally deficient. See Shands Jacksonville Med. Ctr. v. Burwell, 139
F. Supp. 3d 240 (D.D.C. 2015) (observing that “it is especially important {or the agency to
identify and make available technical studies and data that it has employed”) (quoting Conn.
Light & Power Co. v. Nuclear Reg. Comm 'n, 673 F.2d 525, 530 (D.C. Cir. 1982)); Wash.
Troilers Ass'n v. Kreps, 645 F.2d 684, 686 (9th Cir. 1981) (agency must disclose data underlying
proposed regulation so that public can provide meaningful comment).
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VIIL DASS SPECIFIC RESPONSES TO THE OBJECTIONS

As set forth above, the Agency has a robust set of reliable animal toxicological data that
support the current regulatory standard for chlorpyrifos. Petitioners and the States raise
additional specific objections, set forth below, none of which are supported by the applicable
law, the scientific evidence, or the regulatory history for chlorpyrifos.

A. The Objections Misrepresent the Scientific and Regulatory History for
Chlorpyrifos.

The Objections contain numerous misstatements and inaccuracies regarding the scientific
and regulatory history for chlorpyrifos. As is evident from Sections V-VI, supra, (and DAS’s
prior comments), the Objections are simply flat-out wrong to suggest that the lack of safety for
chlorpyrifos at exposure levels below the current regulatory standard is uncontroverted. To the
contrary, FQPA's standard of reasonable certainty of no harm continues to be met by a robust,
reliable, and valid dataset.

Petitioners’ misrepresent the scientific record, cherry-picking statements that they assert
support their claims and insisting incorrectly that the science is beyond dispute and that only
“purely legal 1ssues” are presented in their Objections. Petitioners also present the Columbia and
other epideminlogy studies as if they were new evidence, misleadingly referring to the “growing
body of published scientific research” allegedly linking chlorpyrifos exposure with adverse
neurndevelopmental outcomes. Petitioners™ Objections at 8, But Columbia researchers started
publishing in 2002 on exposure, with the infant outcome studies first appearing in 2004, EFA
was thus aware of the Columbia study results when it reaffirmed its confidence in the current
regulatory standard, and the complete database of animal toxicology studies underpinning that
standard, several times, including as recently as March 2015, See PHHRA at 7
{(*[Clholinesterase inhibition (ChEI) provides the most sensitive dose-response information for
deriving points of departure for chlorpyrifos.”); id. at 22, 36 (“The toxicological database for
chlorpyrifos is extensive and is adequate to support the registration review.”); 2014 RHHRA at
24 (*] Acetvicholinesterase] inhibition remains the most robust quantitative dose response data
and thus continues to be the critical effect for the guantitative risk assessment.”); EPA’s March
26, 2015 Lir. to PAN/NRDC, PANNA I, ECF No. 14, Attach 1 at 3. SAPs convened during that

time period also supported the continued use of cholinesterase inhibition as the PoD.
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In another misstatement, the Objections assert that the 2011 PHHRA found that
“chlorpyrifos likely played a role in long term neurological effects from early exposures that
were evaluated in the epidemiology studies.” Petitioners’ Objections at 15. That is incorrect.
Neither the PHHRA nor the PHHRA Reader’s Guide made such a statement.

The Objections also repeatedly and wrongly assert that EPA has made negative
“findings™ and “determinations” about the safety of chlorpyrifos. In fact, however, EPA has
made no final, reviewable determinations regarding the safety of chlorpyrifos that have changed
its 2006 final determination that the use of chlorpyrifos consistent with the current regulatory
standard presents a reasonable certainty of no harm. See EPA, Finalization of Interim
Reregistration Elgibility Decision (IREDs) and Interim Tolerance Reassessment and Risk
Management Decisions (TREDs) for the Organophosphate Pesticides, and Completion of the
Tolerance Reassessment and Reregistration Eligibility Process for the Organophosphate
Pesticides, July 31, 2006 (“EPA has concluded, after completing its assessment of the cumulative
risk associated with exposures to all of the OPs, that . . . the pesticide tolerances [for
chlorpyrifos] . . . meet the safety standard under Section 408(b)(2) of the FFDCA™). This is the
only final determination regarding the safety of chlorpyrifos tolerances that is currently in effect,

as EPA’s Registration Review of chlorpyrifos is ongoing, See New York v. EPA, 350 F. Supp. 2d

or leaving in place a tolerance, constitutes the agency’s final determination, at the conclusion of
a statutorily mandated review process, on the safety of the tolerance in guestion.”), aff '@ sub
nom. Nat. Res. Def Council v. Johnson, 461 F.3d 164 (24 Cir. 2006).

Though EPA complied with the Ninth Circuit’s mandamus order when it dented the
Petition, EPA has not vet taken any final agency action subject to judicial review that departs
from its 2006 final determination. To the contrary, the statements EPA made prior to its Petition
denial were part of the Agency’s non-binding, deliberative process. In particular, EPA’s March
2015 letter to Petitioners indicating the Agency’s mtention to deny the Petition, its QOctober 2015
Proposed Rule, and its 2014 and 2016 risk assessment proposals with respect to
neurodevelopmental impacts purportedly linked to chlorpyrifos exposure represent the Agency’s
deliberations on potential agency action but are not final decisions that are binding on the
Agency. See Nat'l Ass'n of Home Builders v. Defs. of Wildlife, 551 U.S. 644, 658-59 (2007)

(“[Flederal courts ordinarily are empowered to review only an agency’s final action, and the fact
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that [an agency’s] preliminary determination . . . is later overruled at a higher level within the
agency does not render the decisionmaking process arbitrary and capricious.”).

EPA has itself acknowledged the tentative, non-binding nature of its recent risk
assessments with respect to chlorpyrifos. EPA Order at 16,590 ("EPA has three times presented
approaches and proposals to the FIFRA SAP for evaluating [the] recent epidemiologic data.”)
{emphasis added). And EPA has in the past characterized pesticide risk assessments as
preliminary, interim steps in the agency decision-making process. For example, in a 2001
lawsuit against the Agency, EPA sought dismissal of a challenge to EPA’s cancer reassessment
for pyrethins and EPA’s not yet completed risk assessment for dioxin on the grounds that “[bloth
the challenged actions are just interim steps in ongoing agency processes” and “not “final agency
action’ so as to be reviewable under the [APA]" See, e.g., Mot. Filed by Fed. Def to Dismiss
Compl. for Lack of Jurisdiction, Tozzi v. EP4, No. 1:00-CV-02604 (D.D.C. Feb. §, 2001}, ECF
No. 14. EPA observed that a number of regulatory and scientific issues related to pyrething
remained “in flux” and that its evaluation of human health risks of dioxin and consideration of
public conmuments on its latest assessment were ongoing.

It is well-established that agencies may depart from prior proposals and assessments in
the course of the regulatory decision-making process. See Nw. Coal for Alts. to Pesticides
(NCAP) v. EPA, 544 F.3d4 1043, 1051 (9th Cir. 2008) (according deference to EPA’s decision fo
await results of certain studies before establishing pesticide tolerances, even though this departed
from the Agency’s prior position); Ctv. for Biological Diversity v. U.S. Foresi Serv., No. CV-09-
S116-PHX-FIM, 2009 WL 3740732, at *3 (D. Ariz. Nov. 5, 2009), aff d, 408 F. App’x 64 (9th
Cir. 2011} (upholding agency decision to depart from preliminary biological assessments
regarding a forest fire project, reasoning that “[r]efinement and modifications of positions are a
natural part of the deliberative process” and an “agency is entitled to change ifs mind™).
Moreover, EFA’s Order is hardly the abrupt 180 degree turnabout Petitioners seek to portray,
given that as recently as March 2015 EPA notified the Ninth Cireuit and the Petitioners of its
intention to deny the Petition. In fact, it was EPA’s June 20135 status report in the mandamus
action announcing its intention to grant the petition and subsequent Proposed Rule—which
proposed to replace decades of established science with a single, unreplicated epidemiology
study as the basis for major regulatory action—that marked an unprecedented sea change in the

Agency’s decision-making process. See Status Rep., No. 14-72794, ECF No. 20. Simply stated,
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the EPA statements recounted by the Objectors were tentative, non-binding statements that were
not “sufficiently final {for the Agency] to demand corapliance with [an] anncunced position,”
Ciba-Geigy Corp. v. EPA, 801 F.2d 430, 436 (D.C. Cir. 1986).

EPA’s Order recognizes that its assessments and proposals during 2015-2016 were based
on mnconclusive science that was not sufficient to support final regulatory action. Petitioners’
assertions that EPA has already made conclusive “findings” ignore the non-binding, tentative
nature of EPA’s deliberative process. Objectors, through the administrative process provided
under FFDCA and FIFRA for resolution of their objections, “still enjoy] an opportunity to
convince the agency to change its mind.” Id.

The Objections 1gnore that EPA’s Order is also consistent with recent findings in the
European Union and Australia, See, e g, APVMA, Reconsideration of Chlorpyrifos, supra at 5.
Notably, the EFSA as recently as 2014 conducted a reevaluation of chlorpyrifos-related
toxicology and selection of regulatory endpoints for human health on behalf of the European
Commuission (EFSA, 2014). Chlorpyrifos had been included in Annex [ (list of approved active
substances) to Directive 91/414/EEC during 2006 as part of the EU Review process. In 2012, a
data call-in for submission of new studies completed since the time of the EU Review was
issued, and these new studies were first evaluated by Spain, the rapporteur member state, and
subsequently subjected to peer review under the auspices of EFSA. The result of the EFSA peer
review was that “[tihe experts agreed on the use of the Red Blood Cell cholinesterase mhibition
to derive the reference values.” EFSA 1. 2014; 12(4):3640 at 2. This represented a change in
approach 1o that, previcusly, endpoints for chlorpyrifos and other organophosphorus insecticides
had been established based on brain cholinesterase inhibition and/or observation of cholinergic
symptoms, which was less conservative than use of Red Blood Cell cholinesterase inhibition,
Accordingly, EFSA took its recommendations for further peer review by its Panel on Plant
Protection Products and their Residues (“PPR Panel™) during 2014, The PPR Panel endorsed the
proposed acetylcholinesterase~based Acceptable Daily Intake, Acute Reference Dose, and
Acceptable Operator Exposure Level proposed by EFSA. PPR Panel Minutes at 9. This action
thus aligned the endpoint with the RBC ChE inhibition endpoint cuarrently used by EPA.

As part of the European Commission reevaluation of chlorpyrifos toxicology and human
health (EFSA, 2014), EFSA paid particular attention to several epidemiology studies, including

the Cohumbia study (Lovasi et ol 2011; Rauh ef ol 2012; Ravh ef ol 2011; Ravh er ol 2006;
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Whyatt et al. 2009; Whyatt et ol 2007, Whyatt et ol 2004), the Mt. Sinai study (Berkowitz et al.
2004; Engel et al. 2007; Engel ef al. 2011), and the CHAMACOS study (Bouchard ef al. 2011,
Eskenazi ef af. 2004; Eskenazi er of. 2010; Eskenazi ef al. 2007; Harley ef af. 2011; Marks ef af.
2010; Young et af. 2005). The EFSA peer review made the following conclusion regarding
these studies:

The epidemiology data are not sufficiently robust to support the hypothesis that
CPF 15 a causal factor for neurodevelopmental effects. Exposures in the
epidemiclogy studies are at least 1000-fold lower than those used in the animal
studies, but the amimal toxicity data do not provide clear evidence that CPF is
associated with neurodevelopmental effects at doses that are below the threshold
for inhibition of AChE in the brain.... Although multiple mechanisms have been
proposed to explain the neurodevelopmental effects of chlorpyrifos, a coherent
mode of action with supportable key events, particularly with regard to dose
response and temporal concordance, has not been elucidated yet,

EFSA. (2014). Final addendum to the Axrt. 21 Review on chlorpyrifos — public version — Initial

risk assessment provided by the Rapporteur Member State Spain for the existing substance

CHLORPYRIFOS as referred to in Article 21 of regulation (EC) No. 1107/2009. February,

{Ntzani et al 2013), under contract with EFSA reviewed the epidemiology studies published
since 2006. Nizani ef al., Literature review on epidemivlogical studies linking exposure (o
pesticides and health effects, EFSA supporting publication 2013:EN-497. They concluded there
is no evidence to suggest an association between pesticide exposure, including chlorpyrifos, and

neurodevelopmental effects.

B. Chlorpyrifos Does Not Present a Velatilization Risk at the Cuarrent Regulatory
Standard.

Petitioners claim that there is “extensive evidence that doifi is reaching people and
causing poisonings” and “EPA . . . found that chlorpyrifos can drift mn harmful amounts.”
Petitioners’ Objections at 12. Petitioners further assert that the DAS volatilization studies do not
support EPA’s finding of no risk from volatilization. fd. at 13-14.

However, FPA’s 2014 Revised Human Health Risk Assessment (“RHHRA™), at 10,
stated that “there are no anticipated risks of concern from exposure to the volatilization of etther

chlorpyrifos or chlorpyrifos oxon:™
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EP A lacked chlorpyrifos vapor toxicity data at the time it conducted the preliminary
volatilization assessment in 2013. Following the release of the preliminary
volatilization assessment, Dow AgroSciences LLC conducted . . . high quality nose-
only vapor phase inhalation toxicity studies for both chlorpyrifos and chlorpyrifos-
oxon to address this uncertainty. . . . Because these new studies demonstrated that
no toxicity occurred even at the saturation concentration, which is the highest
physically achievable concentration, then there is no anticipated risks of concern
from exposure to the volatilization of either chlorpyrifos or chlorpyrifos oxon. In
Fune 2014, the Janunary 2013 volatilization assessment was revised to reflect these
findings.

RHHRA at 8384,

Petitioners have presented no evidence that chlorpyrifos poses risks from volatilization at
the current regulatory standard,” or that DAS’s volatilization studies do not support the Agency’s
prior findings. Indeed, in its 2013 Preliminary Evaluation of the Potential Risks from
Volatilization for chlorpyrifos, the Agency stated that “the available data are insufficient to
directly link respiratory effects to chlorpyrifos volatilization exposure.” EPA, Chlorpyrifos;
Preliminary Evaluation of the Potential Risks from Volatilization, Docket EPA-HQ-OPP-2008-
0850-0114 at 20 (Jan. 31, 2013).

Petitioners also wrongly assert that there was a “lack of controls in the {DAS] study that
demonstrated that the experiment was capable of successfully producing or detecting
cholinesterase inhibition. Without such controls, the study results cannot be interpreted or used
to claim that chlorpyrifos volatilization does not produce cholinesterase inhibition.” Petitioners’
Objections at 14, Petitioners’ assertion 18 incorrect—the studies show tissue-specific
cholinesterase activity, which is consistent across both the chlorpyrifos and oxon vapor studies.
There were controls in both studies, and the studies measured the blood levels of the parent and
the metabolite TCP, which proves that the animals were exposed and that the inhaled parent
molecule was bioavailable. Further, the data from the chlorpyrifos aerosol study clearly shows

that the same validated cholinesterase activity assay can detect inhibition if the systemic dose 18

? Petitioners cite to an incident in which farmworkers in Kern County, California, were allegedly
“poisoned” by chlorpyrifos exposure as a result of a company’s spraying of a product containing
chlorpyrifos on a nearby farm. However, investigators found that the company had improperly
sprayed the chemical because it used a nozzle that violated the pesticide’s label requirements.

See https:/fww? kaed. org/news/2017/08/08/produce-company-behind-popular-cuties-fined-over-
pesticide~drift/.
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sufficient to inhibit ChEL Finally, the volatilization studies were conducted according to Good
Laboratory Practices.

Petitioners claim that volatilization rates could differ based on differing environmental
conditions, but the toxicity study was done using the maximum amount of chlorpyrifos. Thus,
the air could hold at saturation regardless of the rate of any release into the air, and rate of flux
from the soil is therefore irrelevant.

Finally, any volatilization loss off site from treated ficlds would be expected to be low
and very temporary and would not represent a chronic exposure or even significant acute

exposure. Alr monitoring data collected in California by the state supports this conclusion.

C. Petitioners Misrepresent the 2008 SAP's Findings.

Petitioners misleadingly suggest that the 2008 “SAP confirmed EPA’s conclusion that
early life exposures to chlorpyrifos pose a risk of long-lasting, adverse cognitive, behavioral, and
motor impairments.” Petitioners” Objections at 2; see also id. at 14-16. But the 2008 SAP did
1ot make a conclusive determination about chlorpyrifos” potential for causing
neurodevelopmental effects. Petitioners also fail to mention that the 2008 SAP found that
“cholinesterase inhibition should continue to be used for PoD until, at such timef,] an alternative
mode of action 1s identified and validated.” 2008 SAP Minutes at 12. The Panel further stated
that the Columbia, Mt. Sinai, and CHAMACOS epidemiology studies “should not be considered
as the principal basis for characterization of the PoD.” 1d.

In addition, while Petitioners state that “{t]he Panel found that ‘chlorpyrifos likely played
a role in the birth and neurodevelopmental outcomes noted in the three cohort studies,"”
Petitioners’ Objections at 14, they fail to acknowledge that the Panel went on to state that “i¢
cannct be stated that chlovpyrifos is the sole contributor to the observed outcomes,” 2008 SAP
Minutes at 37 {emphasis added). The Panel also stated that “{cJonfounding factors in the Mt
Sinai and [CHAMACOS] studies, particularly the fact that exposures were based on OP and
carbamate metabolites and that chlorpyrifos was not specifically measured, reduce their utility in
a quantitative context for risk assessment.” Jd. at 12-13. Finally, due fo the limitations in the
CHAMACOS, Columbia, and Mt. Sinai studies, the Panel discouraged EPA from using the
studies quantitatively in risk assessment. Specifically, the Panel “agreed with the Agency that
there were limitations in the three epidemiological studies that precluded them from being used

to directly derive the PoDD or the uncertainty factor.” Id, at 46.

L 1
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D. Petitioners Rely on a Declaration by Dr. Philip Landrigan that is Replete With
Exrors and Incorrect Assumptions.

Petitioners cite to a declaration by Dr. Philip Landrigan to support their argument that
chlorpyrifos purportedly causes neurodevelopmental effects in children at levels of exposure
below the current regulatory standard. Petitioners’ Objections at 4 n.3. Dr. Landrigan, in tumn,
cites to an article by Dr. David Bellinger for the proposition that exposure to organophosphate
pesticides has led to “a total loss of 16.9 million 1Q points.” Landrigan Decl. § 36.

There are numerous flaws in Dr. Landrigan’s declaration: first, Dr. Landrigan wrongly
asserts that the human studies were conducted outside of the United States and were “criticized
for not meeting the informed consent standards that would be required in the US and also for
scientific deficiencies.” Landrigan Decl. 927, But Dr. Landrigan’s declaration does not identify
the human studies he {s criticizing, and two of the human studies relevant to the PBPK model
that Dr. Landrigan references were in fact conducted in the Unifed States: the Nolan (1982) study
was conducted at Dow Chemical in Midland, Michigan, and the Kisicki (1999) study was
conducted by MDS Harris Laboratories (now Celerion Lab) in Lincoln, Nebraska. Moreover,
both human volunteer studies were approved by the US EPA Human Subijects Review Board
(“HSRB™). The EPA HSRB 2009 review of the Nolan ef o/ {(1982) study states that “[tThe
Board concurred with the Agency’s assessment that there was neither clear and convincing
evidence that the study was fundamentally unethical, nor clear and convincing evidence that the
study was significantly deficient relative to the ethical standards prevailing at the time the Nolan
et al. (1982) study was conducted.” /d. at 2. In addition, the Supplemental EPA ethics review of
the Kisicks (1999} study from December 2014 states that

the study was not deficient relative to the prevailing ethical standards in a way that

placed participants at increased visk of harm or tmpaired their informed consent.

Therefore, reliance on this study is not probibited by 40 CFR §26.1704(2). Thus

conclusion agrees with the recommendations of the HSRB in its October 2009

report.

EPA, Supplemental Ethics Review of Chlorpyrifos Human Toxicity Study by Kisicki ef al. {Dec.
12,2014) at 6.

Dr. Landrigan also incorrectly claims that “[a] key policy breakthrough occurred over the

past three decades with the discovery that children are far more sensitive than adults to toxic

chemicals in the environment.” Landrigan Decl. § 9. *“To the contrary, most scienfists agree that
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the evidence actually shows that sometimes children are more, the same or even less sensitive to
the effects of exposure to chemicals—it depends on the chemical, the effect and other factors.”
Bond Decl. % 20 (citing National Academy of Sciences Report: Pesticides in the Diets of Infants
and Children (1993}, https://www.nap.edu/read/2126/chapter/2 (last visited Sept. 24, 2017)
(*Children may be more sensitive or less sensitive than adults, depending on the pesticide to
which they are exposed.”™)). In addition, Dr. Landrigan does not cite any empirical data or
science to back up his assertion that exposure to pesticides can lead to permanent brain injury
during the sensitive life stages.

Dr. Landrigan additionally contends that “[1]n the Columbia study, the degree of
reduction in head circumierence was proportional to the degree of maternal exposure to
chlorpyrifos during pregnancy,” and that “[t]he impact of chlorpyrifos on head circumference
was no longer observed after the ban on residential application of chlorpyrifos was imposed.”

Id. % 22. He does not present any proof for this. In fact, “the Columbia study authors found no
association between head circumference and chlorpyrifos exposure (Whyatt ef af. 2004)." Bond
Decl. §29. Dr. Landrigan also erroneously asserts that the three epidemiology studies “found
damage to children’s brains from exposures to chlorpyrifos that produced no or less than 1% red-
blood cell cholinesterase inhibition.” Landrigan Decl. 4 24, However, “[tThere i1s no basis in
these studies to support that conclusion, and authoritative bodies around the world have
concluded the 10% cholinesterase inhibition is the appropriate regulatory standard for
chlorpyrifos safety.” Bond Decl. 429,

Further, Dr. Landrigan wrongly characterizes the discontinuation of residential uses of
chlorpyrifos as a “ban.” Landrigan Decl. §22. In fact, the Federal Register Notice announcing
the discontinuation stated that registrants and EPA had agreed to “several voluntary measures™ {o
reduce chlorpyrifos exposure. Chlorpyrifos; Cancellation Order, 65 Fed. Reg. 76,233, 76,234
{Dec. 6, 2000). Nowhere in that announcement did EPA characterize the discontinuation as a
“ban.” And, the agreement to discontinue residential uses was not reached because EPA deemed
the uses unsafe, but because EPA changed key science policies under the FQPA, and applied
standards far more restrictive than those historically established. See Chlorpyrifos Revised Risk
Assessment and Agreement with Registrants (June 2000) at 1 (“The Food Quality Protection
Act, enacted in 1996, sets a more stringent safety standard for most pesticides and offers special

protection for children.”). EPA did not find that these chlorpyrifos uses posed an imminent
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hazard, and the phase-out of sales for affected residential use products was allowed to occur over
a five-year period.

Dr. Landrigan also claims that the Columbia, CHAMACOS, and Mt. Sinai studies
“produced strongly convergent results,” Landrigan Decl. € 22, and that all three studies showed
reductions in motor function, decreases in working and visual memory, processing speed, verbal
comprehension, perceptual reasoning and diminished 1Q, id. 9 23. This is untrue:

Contrary to Dr. Landrigan’s view, a 2011 weight of evidence evaluation integrating
the results of available epidemiology studies (including the Columbia study) and
laboratory animal studies concluded that “[t]he weight of the available evidence
more strongly indicates that a causal association between chlorpyrifos exposure and
neurodevelopmental effects in the absence of AChE inhibition in the brain is not
plausible for humans, and the few positive associations observed in epidemiology
studies would be atiributed to alternative explanations.” Prueitt ef g/, Hypothesis-
based weight-of-evidence evaluation of the neurodevelopmental effects of
chlorpyrifos. Crit Rev Toxicol 41(10): 822-903 (2011). See aiso Reiss ef al., 4
review of epidemiologic studies of low-level exposures fo organophosphorus
insecticides in non-occupational populations, Critical Reviews in Tox., 145.7, 531,
635 (2015); Burns ef al., Pesticide Fxposure and Newrodevelopmental Ouicomes:
Review of the Epidemioclogic and Animal Studies, Journal of Tox. and Environ
Health, Part B, 16:127-283 (2013). . . . In addition, recent evidence from two
similarly designed and executed studies, one in Ohio and the other in France, found
no associations between urinary DAP levels and lower childhood intelligence
scores (Cartier er afl. 2016, Donauer et gl 2016). The weight of all the
epidemiology evidence (human and animal) therefore does not prove a cause and
effect connection between levels of chlorpyrifos exposure below the current
regulatory standard and adverse human effects.

Bond Decl. 49 27-28.

Dr. Landrigan does not define “low-dose”™ when he states that neurobehavioral effects
were purportedly observed in animal studies after “low-dose perinatal chlorpyrifos exposure.”
Landrigan Decl. 9 19. Nor does he put “low-dose” into the context of actual human exposure.
He also makes incorrect statements about inter- and intra-specics safety factors. See id. § 27.

With respect to Dr. Landrigan’s reliance on Dr. Bellinger’s article for the proposition that
exposure to organophosphate pesticides has led to “a total loss of 16.9 million [Q points,”
Landrigan Decl. 9 36, there is no indication that Dr. Bellinger reviewed the Columbia study or
any other studies pertaining to chlorpyrifos. See Bond Decl. § 43 (“{Dr. Bellinger] did not
conduct a state of the art systematic review of the evidence, but instead took at face value the

selected findings from published studies of two small groups of children—the CHAMACOS and
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Mount Sinai birth cohort —which . . . have inconsistent results and have been significantly
eriticized for having design and executions errors.”). The publication itself recognizes the
limitations in its own conclusions due to assumptions made and the lack of available data, See
Bellinger (2012), A Strategy for Comparing the Contributions of Environmental Chemicals and
Other Risk Factors to Newrodevelopment of Children, 1200 Environ Health Persp 50107 at 506
{*Any effort to compare the neurodevelopmental burden associated with different risk factors is
limited by the data available and the assumptions required.”). The Columbia, CHAMACOS, and
Mt. Sinai studies simply do not establish a causal effect between exposure to organophosphates
and loss of IQ points. See Bond Decl. 4 43 (Dr. Bellinger “also proceeded to confuse mere
correlation with causation by not systematically evaluating the studies for bias or checking to see
if the criteria for causation were satisfied.”). In addition, Dr. Bellinger's entire analysis is based
on an alleged correlation between DAP levels and loss of 1Q points, even though it is not
scientifically valid to rely on DAP levels detected in urine to conclude that exposure {o
chlorpyrifos has occurred.” Burns Decl. €23, Importantly, “DAFP is not specific to chlorpyrifos.
Thus, the specific OP pesticides contributing to urinary DAP levels may be different for the
Califorma farm worker participants (CHAMACOS) and the urban New York City participants
(Mt. Sinai Study).” /d Further, “the sample results may reflect contacts with one or more of the
parent pesticide OPs that metabolize to DAP, or may retlect its environmental residue metabolite
that then metabolized to DAP. Jd. Thus, "DAP levels should not be used for mterprefing
outcomes for an individual pesticide.” Jd.

Despite the inconsistencies in the epidemiology studies, “Dr. Bellinger did not engage in
any critical review of either [the Mt. Sinai or CHAMACOS] study, but simply assumed that the
associations that were reported were indeed causal. Such an assumption was not justified.”
Bond Decl. 938, In sum, Petitioners’ claim that chlorpyrifos exposure has led to a loss of 1)
points is unsubstantiated because “Dr, Bellinger’s article is not specific to chlorpyrifos, failed to
adequately analyze the CHAMACOS and Mt. Sinat epidemiology studies and drew unfounded
conclusions about the studies’ findings, and ignored robust animal toxicology data that support

the current regudatory standard for chlorpyrifos.” d €44,
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E. Petitioners Wrongly Assert that EPA has Found Unsafe Drinking Water
Contamination from Chlorpyrifos.

Petitioners and the States cite to EPA’s drinking water assessment as further evidence
that chlorpyrifos is purportedly unsafe. Petitioners” Objections at 31; States’ Objections at 8.
But, as described in DAS’s prior comments, EPA’s drinking water assessment remains only a
screening-level evaluation and is therefore incorplete. See DAS Comments on 2016 RHHRA at
72-85. The Agency’s drinking water assessment 15 inadequate for purposes of conducting a
human health risk assessment, as it is merely a slightly modified screening-level assessment.

The mput parameterization of the modeling carried out in the April 2016 Refined Drinking
Water Assessment {"RDWA”) (EPA-HQ-OPP-2015-0653-0437) employs a series of
compounding conservative factors, especially related to the intensity of product use.

The Agency’s statement that “if the chlorpyrifos use profile changes, [the data] are
provided to quickly facilitate estimating the potential exposure” without having to update this
assessment, RDWA at 124, is indeed applicable as the use profile assumptions used in the
assessment do not reflect realistic product use. Such refinements would erploy readily available
data and well-understood methodologies for defensible and straight-forward refinements that
would much more realistically reflect the potential for human exposure. See DAS Comments on
2016 RHHRA at 73-77. Indeed, DAS presented a Preliminary Refined Drinking Water
Assessment {MRID 50016001), a next-tier highly refined assessment, to the Agency in February
2016, which the Agency has not yet finished reviewing.

In sum, DAS 15 hopeful that the Agency will work on these critical drinking water issues
during registration review and will consider refinements that DAS has previously provided fo the

Agency in preparing its final decision.

F. The Petition Does Not Shift the Burden to EPA to Again Prove that Chlorpyrifos
is Safe.

The Objections repeatedly and wrongly assert that EPA has the burden to make a new
safety determination in response to a petition to revoke tolerances, Petitioners’ Objections at 32;
States” Objections at 9,

Under Section 408 of the FFDCA, as amended by the FQPA, “[t/he Administrator may
establish or leave in effect a tolerance for a pesticide chemical residue in or on a food only if the

Administrator determines that the tolerance is safe. The Administrator shall modify or revoke a
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tolerance if the Administrator determines it is not safe.” FFDCA & 408(b)(2)}A)X(), 21 U.S.C.
§ 346a(b)(2)(AX1). “Safe” is defined by the FFDCA as meaning that “there is a reasonable
certainty that no harm will result from aggregate exposure to the pesticide chemical residue,
including all anticipated dietary exposures and all other exposures for which there is reliable
information.” FFDCA § 408(b)(2)(A)(i1), 21 U.5.C. § 346a(b)(2)(A)(i1). In determining
whether to revoke a tolerance, EPA must consider “the validity, completeness, and reliability of
the available data from studies of the pesticide.” FFDCA § 408(b)(2)(I)(), 21 U.S.C. §
346a(b)(2)(ID)(1). Contrary to Petitioners’ assertion, there is nothing in either FFDCA or FQPA
suggesting that the burden is on the Agency or the registrant to make a new safety determination
in response to a petition to revoke tolerances.

Under the FFDCA, “[alny person may file with the Administrator a petition proposing
the issuance of a regulation . . . establishing, modifying, or revoking a tolerance for a pesticide
chemical residue in or on a food.” FFDCA § 408(d)(1), 21 U.S.C. § 346a(d)}{(1). After giving
“due consideration” to the petition, the Administrator must either issue a final regulation
establishing, modifying, or revoking a tolerance, issue a proposed regulation, or issue an order
denying the petition. Id. § 346a(d){4). Nowhere does the statute indicate that the petition cannot
be denied unless and until EPA affirmatively makes a new “safety” determination under the
FFDCA.

Indeed, the FFDCA’s implementing regulations place the burden squarely on the
petitioner to prove that the pesticide is not safe:

The petition shall furnish reasonable grounds for the action sought. Reasonable
grounds shall include an explanation showing wherein the person has a substantial
interest in such folerance or exemption from tolerance and an assertion of facts
(supported by data if available) showing that . . . new data are available as to
toxicity of the chemical, or that experience with the application of the tolerance or
exemption from tolerance may justify its modification or revocation.

40 C.F.R. § 180.32(b). EPA’s Order is consistent with these standards and with the Agency’s

prior responses to PAN/NRDC regarding the petition. See, e.g., 2012 Bradbury Letter at 18 ("To

show a lack of safety, petitioners would have to present a factual analysis demonstrating that . . .

the [cumulative risk assessment] for chlorpyrifos poses unsafe cumulative exposures to the OP
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pesticides. Petitioners have not made such a showing. For this reason . . . EPA intends to deny
the petitioners’ request . . ...

When the petition 1s denied, petitioners must submit objections to EPA, to which EPA
must respond, before petitioners may obtain judicial review of the merits of EPA’s Petition
denial. See 21 U.S.C. § 346a(g)(2)(C) (Administrator must issue an order stating the action
taken on each objection) Jd. § 346a(h)(1) (order denying objections issued under § 346a(g)(2NC)
is reviewable in the court of appeals); see also 40 C.F.R. § 180.30(b) (review of an order denying
a pefition “shall not be the subject of judicial review under any other provision of law,” and
“mudicial review is not available wnless an adversely affected party exhausts thel | objection
procedures, and any petition procedures preliminary thereto”) (emphasis added). Thus, there is
nothing in the FFDCA or its implementing regulations that places the burden on the Agency or
the registrant to prove safety in response to a petition,

The only case cited by Petifioners in support of their burden-shifting argument,
Environmental Defense Fund, Inc. v. U8, Department of Health, Education & Welfare, 428 ¥.2d
1083 (D.C. Cir. 1970}, a case not involving EPA, is readily distinguishable. There, petitioners
challenged the Secretary of Health, Education and Welfare's refusal to publish their petition to
establish a “zero tolerance” for DDT residues (an alleged carcinogen) in or on raw agricultural
commodities. /d. at 1086. The court held that the agency had the burden of proving the safety of
the existing tolerances for DDT, the pesticide at 1ssue, in light of findings by a government
conumnission that “the evidence for the carcinogenicity of DDT in experimental animals is
impressive.” Id at 1085 (emphasis added). The court stated, in a footnote, that “[o]nce new
evidence bearing on the safety of pesticide residues has been adduced or cited sufficient to
justify reopening the issue of the validity of existing tolerances, as in the present case, the burden
of establishing the safety of any tolerance remains on those who seek to permit a residue.” Jd. at
1092 n.27. The court relied on a provision of the FFDCA that is not in the current version of the
statute, namely “that the procedures for amending or repealing tolerances should be the same as
those for establishing tolerances.” 74 (citing 21 U.S.C. § 346a(m)). The cited provision states
that “{tThe Administrator shall preseribe by regulations the procedure by which regulations
[establishing tolerances] under this section may be amended or repealed, and such procedure

shall conform to the procedure provided in this section for the promulgation of regulations
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establishing tolerances.” 21 U.S.C. § 346a(m). That provision was repealed in 1996 and
replaced with 21 U.S.C. §§ 346a(d) and (¢). H.R. Rep,, pt. 1, 104th Cong. 2d Sess. 669 (1996,
There is nothing in the current version of the FFDCA suggesting that the procedures for revoking
tolerances should be the same as for establishing tolerances,

Petitioners’ interpretation of the Agency’s obligations in the face of a petition would lead
to the unprecedented result that EPA is required to renew its safety finding each and every time a
petition is filed, irrespective of the strength and quality of the evidence cited in support of the
petition, and regardless of whether EPA 1s engaged in an ongoing scientific review of issues
addressed in the petition through Registration Review. This is neither a logical nor workable
interpretation of FFDCAs requirements, and there is nothing to indicate that Congress intended
such a result. ’

In addition, unlike in Environmental Defense Fund, the unreliable and invalid
epidemiology studies at issue here are far from “sufficient to justify reopening the issue of the
vahidity of existing tolerances.” Indeed, as discussed in detail above, neither EPA nor any of the
SAP meetings convened to review the epidemuology studies found the studies to be conclusive or
causal. In further contrast to Environmental Defense Fund, where petitioners were challenging
the Secretary of Health, Education and Welfare’s refusal to publish a petition, the Petition here
underwent extensive public comment, and the Agency subsequently found that petitioners had
failed to provide sufficient evidence that chlorpyritos was not safe at existing tolerance levels.
And, as EPA indicated in its denial of the Petition, its science-based review of chlorpyrifos will
continue during registration review. This fact also clearly distinguishes the current matter from
Environmental Defense Fund.

In sum, EPA made a safety determination in 2006, and that determination still remains in
effect. The burden is on the petitioners seeking revocation of chlorpyrifos tolerances to

demonstrate that the current regulatory standard for chlorpyrifos is not safe.

IX. CONCLUSION

For the foregoing reasons, EPA’s March 29th, 2017 Order correctly denied the Petition
because there 15 an extensive and complete set of animal toxicology data that support the current

regulatory standard for chlorpyrifos, and the epidemiological and other studies advocated by
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Petitioners are not reliable enough for regulatory decision-making. The Agency should therefore

deny all of the Objections submitted in response to EPA’s Order.

60
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Appendix A: Analysis of Additional Animal Toxicology Studies
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Appendix A to Dow AgroSciences L.LLL s Response to Objections to EPA’s Denial of
Petition to Revoke All Tolerances and Cancel All Registrations for Chlorpyrifos:
Analysis of Additional Animal Toxicology Studies

In recent years, Petitioners and others have claimed that there 18 a growing body of
human epidemiology and experimental animal evidence showing associations between exposure
to chlorpyrifos at levels below EPA’s current regulatory standard and neurodevelopmental
outcomes. However, as repeatedly demonstrated in Dow AgroSciences LLC s (“DASs™) prior
and current comments, the epidemiology studies cited in support of these claims suffer from
significant scientific limitations, precluding their use in regulatory decision-making. The same
result applies to the experimental animal studies. Indeed, in 2012, EPA convened a Scientific
Advisory Panel ("SAP”) to address experimental animal studies involving chlorpyrifos, and the
Panel found that the studies had significant limitations. EPA itself examined the animal
literature with respect to chlorpyrifos in 2014, and again in 2016 with respect to
organophosphates (“OPs") generally, and similarly identified weaknesses in the scientific
research, further undermining claims of adverse effects at levels below the current regulatory
standard.

This Appendix summarizes the SAP and EPA’s critiques of animal toxicology studies
examining (1) possible modes of action/adverse outcome pathways other than the well-
established mode of action of cholinesterase inhibition, and (2) potential associations between
chlorpyrifos exposure and neurodevelopmental outcomes. This Appendix then addresses
additional animal toxicology studies not addressed in DAS s prior comments submitted to the
Agency, including studies recently reviewed by the Californda Department of Pesticide
Regulation, that alleged adverse neurodevelopmental outcomes. As demonstrated herein, these
additional studies suffer from many of the same deficiencies and weaknesses noted by EPA and
the SAP in their review of the animal literature, and do not support a claim that there 13 evidence
supporting a departure from the current regulatory endpoint for chlorpyrifos.

A, EPA and SAP Criticisms of the Experimental Toxicolopy Research Revarding
Chilorpyrifos

In 2012, EPA convened an SAP to evaluate the scientific research associating

chiorpyrifos with neurodevelopmental and neurobehavioral outcomes. In its Issue Paper

ED_002962_00002792-00066



provided to the 2012 SAP, EPA identified a number of limitations in the animal toxicology

studies examining non-cholinergic modes of action:

s [TThere are several lines of evidence for actions of chlorpyrifos distinct from the
classical mode of action of cholinesterase inhibition . . . however, . . .most of these
studies have not been designed with the specific goal of construction or testing an
adverse outcome pathway. Thus, there are not sufficient data available to test
rigorously the causal relationship between effects of chlorpyrifos at the different
levels of biological organization in the nervous gystem. FHEPA, Meeting of the
FIFRA Scientific Advisory Panel, Draft Issue Paper: Scientific Issues Concerning
Health Effects of Chiorpyrifos (2012) ("EPA 2012 Issue Paper™) at 35 (emphasis
added).

e Because many of these papers report a number of positive as well as negative
findings, the Agency had previously taken the approach of comparing responses
that were observed following various exposures to a common dose, 1 mg/kg/d
{FIFRA Scientific Advisory Panel (SAP), 2008a; [USEPA], 2011). A more robust
approach is taken here, to include important factors such as dose-response and
differences in exposure scenanos. ... wwfortunately, many of the chlorpyrifos
studies have evaluated onlv one dose. Id. at 39 (emphasis added).

e All testing reported herein was conducted after weaning, and there is a presumption
that the effects are permanent; however, no study has directly addressed this issue,
and there is a range in test ages. Dose-response is not always evident, since many
studies only use one dose, and of those using two or more doses, there is not always
& monotonic response.  Furthermore, the summary presented herein combines
studies of different dosing regimens. [d. at 52 (emphasis added).

#  Overall, these data do not clearly show specific critical periods of exposure, or
definiftve sensitive behavioral outcomes.  Unfortunately, ne laboratory has
provided systematic comparisons across exposure period, dosing regimen, and age
of testing; such studies would improve understanding of the impact of these critical
factors. Jd. (emphasis added).

s These studies have almost exclusively focused on doses that could produce some
degree, however minimal, of AChE inhibition. Thus if is not possible to know
whether effects would be present at lower doses, since they have not been
adeguately studied; thus far, only one study (Braguenier, et al., 2010) has tested a
dose lower than the point of departure. The broad profile of neurclogical effects
that have been reported do not aid in the development of a specific AOP, and as
described in section 3.2.1., existing experimental studies have not been designed to
examine and track possible mechanisms from early initiating events o the final
neurclogical outcome. Such studies represent longer term research efforts by the
different laboratories.” Id at 52-53 (emphasis added).

[
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EPA sought the SAP’s guidance on these and other 1ssues. Following its review of the
animal toxicology research, the SAP similarly found the evidence insufficient to establish a
plausible mode of action/adverse outcome pathway linking chlorpyrifos exposure with adverse

outcomes:

As discussed in Section 3.2.1, although there are numerous mechanistic studies in
the scientific literature, the research on different hypotheses does not provide
sufficient data to establish causal linkages among different levels of biological
organization to show how effects lead to adversity. As such, a mode of action or
adverse outcome pathway leading to effects on the developing brain cannot be
established at this time. Moreover, although muliiple biologically plausible
hypotheses are being pursued by researchers, based on the current state of the
science, no one pathway has sufficient data to be considered more credible than the
others, Please comment on the Agency’s preliminary conclusion that although
theve are multiple biologically plausible hvpotheses being evaluated by research
scientisis, the mechanistic experimental toxicology data do not yet support a
coherent set of key events in a mode of action/adverse outcome pathway.

The Panel agrees with the Agency’s conclusion that based on the current state of
the science, no one pathway has sufficient data to be considered more credible than
the others with respect to a causal link between chlorpyrifos exposure and
neurodevelopmental outcome.
EPA, Transmittal of Meeting Minutes of the FIFRA Scientific Advisory Panel Meeting held
April 10-12, 2012 on “Chlorpyrifos Health Effects™ at 13 (July 11, 2012) (*2012 SAP Minutes™).
The 2012 SAP noted liutations in the designs of many of the experimental studies and
expressed concermn with the use of the dimethyl sulfoxide (DMSQO) as a vehicle:

[S]tudies evaluating neurodevelopmental effects entailed experimental designs that
do not permit an efficlent means of determining a point of departure for
chlorpyrifos. ... Also in keeping with the 2008 SAP, this Panel expresses concern
about the use of Dimethyl Sulfoxide (DMEO) as a vehicle because of its intrinsic
toxicity, its potential influence on absorption and interaction with chlorpyrifos,
and the impact of this interaction on the developing organism.

Id. at 12 (emphasis added). The 2012 SAP also found that there were “no studies . . . 1dentified
that showed effects on behavior at low levels of ACKE inhibition, including at 1.0 mg/kg of
chlorpyrifos”™ and that “[dJoses below 1.0 mg/kgiday chlorpyrifos did not show convincing
evidence of neurobehavioral effect; hence, no extrapolation to lower doses in terms of AChE

inkibition is possible from the data reviewed herein.” Jd. at 39 (emphasis added).
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Ultimately, the 2012 SAP expressed confidence in the current regulatory standard for
chlorpyrifos, stating that, “just as . . . in the 2008 SAP, this Panel advises that the Agency
continue to use AChE data at the most sensitive lifestages for dose-response analysis and
deriving points of departure.” Id. at 12.

B. EPA Has Been Critical of Experimental Toxicology Research Purnorting (o
Link OP/Chlorpyrifos Expesure with Adverse Neurodevelopmental Effects

EPA’s more recent reviews of the experimental toxicology research have echoed the
2012 SAP’s conclusions. As demonstrated below, EPA s 2014 and 2016 literature reviews
demonstrate that EPA places low confidence in animal toxicology studies reported since 2008
regarding neurodevelopmental effects associated with chlorpyrifos exposure, certainly at
exposure below the threshold for 10% red blood cell cholinesterase inhibition ("RBC ChEI™).}

For example, in the December 29, 2014 Revised Human Health Risk Assessment for
Chlorpyrifos (72014 RHHRA™), EPA expressed confidence in AChE as a health-protective
endpoint:

Since the MOA(s)/AOP(s) is/are not established for neurodevelopmental cutcomes
... 1t is not possible to describe the concordance in key events or biological steps
leading to neuwrodevelopmental outcomes. As such, the quantitative linkages
between MIEs, intermediate steps, and uitimately the adverse outcome (ie.,
neurodevelopmental effects} cannot be determined.  Experimental foxicology
studies in rodents suggest that long-term effects from chlorpyrifos exposure may
occur. Due to the dose selections in most of these in vive studies evaluating effects
such as behavior and cognition, i is nof nown whether such adverse effects would
be shown at doses lower than those which elicit 10% RBC ACRE inhibition. 1t is
notable, however, that comparing the lowest NOAEL observed in the in vivo animal
studies (0.2 mgkg/day; Billaver-Haimovitch et al,, 2009) for the
neurodevelopmental outcomes to the repeated dosing reliable BMDLI10 ranging
from 0.05-0.17 mg/kg/day tor RBC AChE inhibition suggests that AChE inhibition
is a sensitive endpoint.

2014 RHHRA at 44-45 {(emphasis added).

' As set forth in Dow AgroSciences LLC’s Response to Objections, acetylcholinesterase
{(“AChE") inhibition (“ChEI"} is the mode/mechanism of action for effects to the mammalian
system with respect to chlorpyrifos. EPA regulates on a particular type of AChE which is Red
Blood Cell Acetylcholinesterase (“RBC AChE”) inhibition, or simply Red Blood Cell
cholinesterase inhibition (“RBC ChEI™). RBC ChElis not an adverse effect in itself, but a
marker of exposure and a conservative and protective endpoint that occurs well below levels
required to inhibit other types of AChE that could be considered an adverse health effect.
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Inits 2014 RHHRA, EPA reviewed six animal toxicology studies published since the
2012 SAP. EPA concluded that the study findings were inconsistent with prior research showing
no effects, and studies that reported adverse effects employed doses that exceeded those known

to cause cholinesterase inhibition:

For half of the studies, the lowest dose was 1 mg/kg/d, and two studies used the
oxon, making it difficult to compare dose levels. Only one study used a lower dose,
0.36 mg/kg/d, in feed, and even this level was sufficient to produce a great degree
of RBC ChE inhibition. . . .

Conclusions: There continue to be inconsistencies in effects in relation to
Sunctional domains, dosing paradigms, and gender-specificity. The only studies
reporting effects used doses that inhibited feialipup brain ChE activity to some
degree, even though there were many negative effects at these same doses.

Id. at 196-97 (emphasis added).
EPA also found that newer lines of research were not sufficient to establish a biologically
plausible mode of action/adverse outcome pathway:

With respect to modes of action/adverse outcome pathways leading to
neurodevelopmental effects, atf the present time, there is no established series of
causal key evenis at a biological level of organization relevant to the visk
assessment (e, adverse neurodevelopmenial effects from gestational andior
postnatal exposure). ... Some of the new studies since 2012 have been integrated
in this section. Despife the newest studies, the agency does not believe that any of
the current lines of research support a coherent set of key events and that much
work remains to elucidate the modes of action and adverse outcome pathways of
chlorpyrifos toxicity.

Id. App. 1, p. 144 (emphasis added).

In its December 29, 2016 Updated Literature Review on Neurodevelopment Effects &
FQPA Safety Factor Determination for the Organophosphate Pesticides (the “2016 Literature
Review”), EPA conducted a review of the scientific literature examining links between exposure
to organophosphate pesticides (“OPs™) with neurodevelopmental outcomes. EPA summarized
several of the key 2012 SAP and 2014 RHHRA findings as follows;

A review of the scientific literature on potential MOA/AOP leading to effects on
the developing brain was conducted for the 2012 FIFRA SAP meeting . . . and
updated for the {2014 RHHRA] In short, multiple biologically plausible
hypotheses and pathways are being pursued by researchers inchuding: AChE as a
morphogen; cholinergic system; endocannabinoid system; reactive oxygen species;
serotonergic system; tubulin, microtubule associated proteins and axonal transport.

L4
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However, no one pathway has sufficient data to be considered more plausible than
the others. . .. The SAP concurred with the agency in 2008 and 2012 about the
lack of definable key evenis in a MOA/AOP leading to developmental
neurobehavioral effects.

Id. at 7. EPA noted that “[s]ince the 2014 [RHHRA), there have been no substantive changes in
the ability to define and gquaniify steps in an MOA/AGFE leading from exposure to effects on the
developing brain.” Id. (emphasis added).

While the 2016 Literature Review specifically focused on OPs other than chlorpyrifos,
some of the agency’s conclusions are consistent with conclusions reached for chlorpyrifos,
relative to studies investigating potential neurodevelopmental effects. For example, EPA
concluded:

Overall, in the studies for which there are direct or comparable data, it is clear that
the dosing paradigms produced AChE inhibition and in some cases maternal
toxicity. Indeed, there are no studies reporting or even suggesting a lack of AChE
wthibition in the dam and/or fetus/pup at any time during dosing. Thus, it is not
known whether exposure paradigms that do not inhibit AChE would produce any
neurcbhehavioral effects.

Id at23. As discussed below, this conchusion is important because it confirms that animal
toxicology studies using doses at or above those known to cause cholinesterase inhibition do not
justify a departure from the current point of departure.

In addition, in Section 2.1.5 of the 2016 Literature Review, Conclusions on In Vive

Laboratory Animal Studies, EPA stated:

For chlorpyrifos, there are >30 papers on developmental neurotoxicity; for the
remaining OPs, the literature is sparse with very few studies for each OP.... The
studies span over decades, and many of the lower quality studies were the earlier
ones; however, some very recent papers also have significant deficits.
Methodological detail is lacking, inappropriate statistical analyses are applied,
results are cursorily described and /or inaccurately presented, and nterpretation of
some behavioral changes is faulty. Overall, most studies have significant
shortcomings and/or are of low quality.

The most commonly tested behaviors considered aspects of cognition. In the
majority of studies, some sort of cognitive deficit was detected, especially with
working memory performance (radial arm maze) and conditioned response
retention (passive avoidance). However, in many cases there was no dose-response,
there was some gender specificity which did not replicate in mulitiple studies, and
cognitive improvement instead of deficit was noted in a few papers. Changes in
motor activity in offspring were generally not reported, and the direction of change
differed in the papers reporting such effects. There is generally not enough

6
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information fo make definitive statements about OP effects on other types of
neurciogical disorders.

Id. at 24-25. While these statements refer to studies involving OPs other than chlorpyrifos, the
same observations and criticisms apply to the literature on chlorpyrifos and putative
neurcdevelopmental toxicity. These statements also show that the Agency recognizes the
importance of scientific study design and conduct and of scund interpretation and reporting of
observed effects.

EPA also recognized in the 2016 Literature Review the importance of considering
cholinesterase inhibition in studies assessing potential neurodevelopmental toxicity, observing

that:

Few published papers included AChE measurements of the dams and/or offspring,
but where measured, all doses used mhibited AChE to some degree. . .. Since there
are no studies with low doses that definitively do not inhibit AChE, there is no
information in the animal literature that shows whether or not there would be
developmentally neurotoxic outcomes at those lower exposures.

Id at 25,
In its overall conclusion of the 2016 Literature Review, EPA stated:

Overall, a definttive mode of action or adverse outcome pathway leading to etfects
on the developing brain cannot yet be established because of insufficient data
establishing the causal linkages among different levels of biological organization
to adversity. For example, while there is in vitro evidence relating binding of
chlorpyrifos or the chlorpyrifos oxon to AChE and the subsequent decrease in
neurite outgrowth at the cellular level, the relationship between neurite outgrowth
and neurcdevelopmental consequences has not been established. As described in
the NRC report “Toxicity Testing in the 21% Century”. . ., to develop an adverse
outcome pathway not only is it necessary o establish plausible relationships among
the key events, but quantitative relationships also need fo be established.

Id at 175,

The above summary of EPA’s most recent analysis on OPs and potential
neurodevelopmental toxicity as reported in the open scientific hiterature s relevant to a review of
the literature specific to chlorpyrifos. Many of EPA’s criticisms of the scientific literature
claiming links between OP exposure and adverse neurodevelopmental outcomes apply with
equal force to the scientific literature for chlorpyrifos, further demonstrating that there is no
scientific basis for proposing a point of departure for chlorpyrifos other than cholinesterase

inhibition. There is simply not sutficient and replicated scientific evidence, nor a plausible and

ED_002962_00002792-00072



proven MOA/AOP, connecting exposure to chlorpyrifos at levels below the current regulatory
standard with adverse neurodevelopmental outcomes.

. Eecent Experimental Toxicology Studies Reviewed by EPA Do Not Support
Adverse Effects for Chlorpvrifos at Levels Below the Current Regulatory
Standard

In recent years, DAS has reviewed and commented publicly on many of the same
experimental toxicology studies and literature examined by EPA in its 2014 and 2016 reviews
and advanced by Petitioners and others as showing adverse neurodevelopmental effects at levels
below the current regulatory standard.” As detailed in DAS’s prior comments, there is no
compelling or consistent animal toxicology evidence to support the contention that
neurodevelopmental outcomes occur at exposures below 10% RBC ChEL In virtually all of
these studies, the lowest dose emploved was at or above levels known to result in 10% RBC
ChEIL cholinesterase inhibition was not measured at all, findings were inconsistent, and/or there
were design flaws and methodological confounders undermining the validity of the study’s

findings.

Several additional studies referenced in EPA’s 2016 Literature Review but for which
DAS has not previously submifted specific comments are summarized in Table 1, below. These
studies are very similar to literature evaluating potential effects and numerous endpoints relative
to chlorpyrifos exposure in in vitro and in vivo test systems. A collective analysis of the eleven
studies in Table 1 reveals that they suffer from many of the same deficiencies and Himitations
EPA identified in 1ts 2014 and 2016 reviews and in DAS’s prior comments of studies of similar

nature and design.

2 See, e.g., Dow AgroSciences LLC s Response to EPA’s [RHHRA] for Chlorpyrifos
Registration Review, EPA Dkt FPA-HQ-OPP-2008-0850-0845, at 57-64 {Apr. 2015); Dow
AgroSciences LLCs Comments on 2016 [NODA/RHHRA] and Refined Drinking Water
Assessment for Chlorpyrifos, EPA Dkt. EPA-HQ-OPP-2015-0653-0651, at 33 and Appendix D
(Jan. 2017); Dow AgroSciences LLC’s Amicus Brief in Support of EPA, League of United Latin
Am. Clitizens, et al. v. Wheeler, No. 17-71636, ECF No. 72-2, at 20--23 (9th Cir. Mar. 15, 2018).
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Table 1. Summary of Investigative Studies Associating Chlorpyrifos Exposure with

Neurodevelopmental Qutcomes

Citation Test (General Dosefsy | Exposure | Exposure | Vehicle | Dose- ChEl NOEL
System | Focus Route Dration Response | Measured | Defined
Ridano et In vitro | Placenia as 10, 54, NiA N/A DMSO | YesMNo No Yes/MNo
al. 2017 target of 100 uM
toxicity
Ieenogle et | Rat Behavioral 1.5 SC gy GD9-12 ) DMBO | Yes/No No Yes/Mo
al. 2004 effects mkd
Billaner- Mouse | Visuospatial |1, 3,5, SC ing GD %18 DMSO | Yed/No MNo YesNo
Haimovitch offects 10, 20
et al. 2000 mikd
Turgeman | Mouse | Newrcbehavi | 3 mkd SC inj. G 9-1&8 | DMSO | No No No
etal 2011 oral effects
Braguenier | Mouse | Anxiety 0.2,1,5 | Oral GDIS- Corn No Yes - Yeg— 0.2
et al. 2010 effects mkd gavage PND14 oil brain only | mkd
at 5 mkd
Yenerosiet | Mouse | Anxiety & mkd Oral GD 14- Peanut | No MNo No
al. 2010 effects, gavage 17 il
aggressive
behavior
Levinetal. | Rat Learning and | | mkd SCing. PNDI-4 | DMSQO | No Mo Mo
2001 Memory
sffects 5 mikd PND 11
14
YVatanparas | Rat Passive 1 mikd SCing. GIDis-18 | DMSO | No MNo No
etal. 2013 avoidance PNIM-4
performance
Mamczarz | Guinea | Spatial 25 mkd | SC iy GD 53~ Peanut | No Yes - No
etal 2016 | Pig learning 63 oil RBC
ChET at
25 mkd
Slotkin e Rat Expression ! mkd SC . PN 14 | DMEO | No No Nop
al. 2015 of serotonin
recepiors
Venerosi et | Mouse | Social 3 rkd SC . PNI3 11~ | Peanut | No Mo No
al. 2008 behavior 14 oil
effects

N

Specifically, there are various test systems employed in these studies (in vitro, in vivo
studies using different animal species), different endpoints or outcomes of interest, and often
inconsistent results within and across studies, Taken together, these issues preclude drawing

reliable conclusions on the ability of chlorpyrifos to elicit neurodevelopmental effects, certainly
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not below the current regulatory point of departure (10% RBC ChED. Among these eleven
studies, only one used a dose level below 1 mg/kg/day (Braquenier et al. 2010; 0.2 mg/kg/day)
and this was a NOEL in this study with | mg/kg/day representing a LOEL. Moreover, many
studies employed only a single dose (exposure scenario) and only two used three or more doses,
which 15 the standard for discerning whether a true dose-response relationship exists.

In addition, many of the studies used subcutaneous injection as the route of exposure,
which 18 not relevant to human exposure scenarios. A number of the studies also used the known
neurotoxicant DMSO as the vehicle. Because DMSO has neurotoxic properties of its own, its
use in experimental studies that specifically are addressing neurodevelopmental outcomes is a
significant confounder and challenge relative to study result interpretation.  As noted above, the
use of DMSO as a vehicle has been the subject of criticism by multiple scientific and regulatory
entities, including the FIFRA SAP.

Finally, and perhaps most importanily, cholinesterase inhibition, specifically RBC
inhibition, was measured in only one study, Mamezarz et al. 2016, which employed a very high
dose (compared to other experimental studies and to human exposure scenarios). The failure of
investigators in the other studies to concomitantly measure and quantify the degree of RBC
cholinesterase inhibition precludes a conchusion that there are neurodevelopmental effects below
the lowest dose employed, and certainly below the threshold of 10% RBC ChEI (a dose level

which is far below those used in any of these eleven studies above).

* All of these studies stand in stark contrast with the results of the EPA-required Marty et al.
2012 study. There, during the repeated dosing part of the study, pups and dams were
administered chlorpyrifos at levels of 0, 0.05, 0.1, 0.5, 1.0, and 3.5 mg'kg/day. The lower end of
the dose range in this study is substantially lower than those festing regimes in the vast majority
of other studies cited by EPA. Results of this study show that there were no effects on
neurobehavior as evaluated through a functional observation battery and motor activity
evaluation in the repeat portion of the study in either dams or pups at dose levels that were
agsociated with less than 10% RBC ChEL in both female pups (0.1 mg/kg/day) and dams (0.05
mg/kg/day). Male pups also had no effects associated with functional observation battery or
motor activity, but had approximately 14% RBC ChEI at the lowest dose (0.05 mg/kg/day)
tested. This study thus provides an example of where neurodevelopmental effects were not
ohserved in in vive testing at exposures associated with approximately 10% RBC ChEl or lower.
In addition, while there is a misperception that 1 mg/kg/day is the threshold for cholinesterase
inhibition, the Marty et al. study (2012} clearly demonstrates following repeated dosing in young
and adult rats that 1 mg/kg/day is associated with in excess of 70% RBC ChE] in adults, and in
excess of 60% and 405 RBC ChEI in male and female pups, respectively. This study confirms

10
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. Eecent Experimental Toxicology Studies Cited bv the California
Department of Pesticide Reoulation Do Not Support Adverse Effects for
Chlorpyrifos at Levels Below the Current Regulatory Standard

The California Department of Pesticide Regulation (“DPR”) has reviewed additional
studies, during its deliberations over the listing of chlorpyrifos as a Toxic Air Contaminant
("TAC”). Specifically, DPR has reviewed five studies, summarized in Table 2, below, allegedly
supporting its contention that neurodevelopmental outcomes in experimental animals following
exposure to chlorpyrifos occur below the threshold for cholinesterase inhibition.

Table 2. Summary of Recent Studies Cited by CA DPR as Indicative of Neurodevelopmental

Effects Associated with Chlorpyrifos Exposure Below the Threshold for Cholinesterase
Inhibition

Citation Test General Dose(s) | Exposure | Exposure | Vehicle Brain RRBC MNotes
System Focus Route Duration ChE{ ChiEl
Carr ef Rat Anxiety (.5, Oral PNDIG- i Comoil | 19% Mot No effects on
al., 2017 behavior 0.75, gavage 17 decrease measured | brain ChET at
1.0 mkd at 1 mkd fower doses,
reported
decreased
anxiety -
opposite of
Stiva et al,
Lee et Mouse | Adult 0.1, 1.0, | Oral FrND1O Egg Mo Not Results
al., 2013 behavior and | 5.0 mkd | gavage lecithin/ | significant | measured | questionable
cognitive peanyt brain as 5 mkd
impairment oil ChEL should cause
emision brain ChE]
Gomez- Rat Muotor 0.1, 0.3, | Oral GID7- Comotl | Mot Not
Gimenez activity and | 1.0 mkd | gavage P21 - BIVED measured | measured
gt al, coordination in sweet
2017a jelly
Gomez- Rat Spatial 0.1 03, | Oral G17- Corn oil Not Mot
Gimengz leaming 1.0 mkd | gavage PND2 - given measured | measured
at al. in sweet
201 7b Jelly
Silva ot Rat Anxiety .01, Oral GDI4-20 | 9% Not ot Beported
al., 2017 behavior 0.1, 1.0, | gavage salipe measured | measured | increased
10.0 with anxiety ~
skt Tween opposite of
20 Carr et al

the protective and conservative nature of using 10% RBC ChEI as a point of departure for risk
assessment purposes.
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These studies, suffer from the same flaws and Hmitations as the eleven studies
summarized in Table 1. Only two studies measured brain cholinesterase activity, with only one
of them {Carr et al., 2017) reporting modest ChEI at the highest dose (1 mkd). Notably, none of
the studies measured RBC cholinesterase inhibition, the current point of departure used by EPA
and other global anthorities as the conservative endpoint upon which to base permissible

exposure levels to humans,

Because Silva et al. (2017} used the lowest dose (0.01 mg/kg/day) of any of the studies,
this study in particular warrants corament as DPR has claimed that “the most important
implication of this study is that the threshold for CPF-induced neurobehavioral effects in voung
rats following gestational exposure may be as much as 10-fold lower than the reported threshold
of 1 mg/kg/day established for RBC AChE inhibition in adult rats.” DPR, Draft Evaluation of
Chlorpyrifos as a Toxic Air Contaminant: Risk Characterization of Spray Drift, Dietary, and
Aggregate Exposures to Residential Bystanders, at 57 (Dec. 2017).  But, this statement i
factually incorrect, as there is clear evidence that the threshold for RBC ACHE is well below 1

mg/kg/day (Marty et al., 2012 and footnote included above).

A closer review of Silva et al. (2017) reveals that this study reported on amuety-like
behavior in rat offspring following exposure to chlorpyrifos during pregnancy (1.e., GD14-20),
They employed doses ranging from 0.01 to 10 mg/kg/day, but failed to report on purity of the
test material and did not measure cholinesterase inhibition of any type. The group size ranged
from eleven to fourteen pregnant females per group. The actual number of offspring tested for
behavioral effects on PNID 21 and PND 70 is not stated. 1t is not clear whether testing included
littermates and, if so, how the study controlled for the presence of hittermates. Silva et al. (2017)
reported effects at 0.1-1.0, citing axiogenic-like, but not depressive-like behavior at PND21
{(without causing fetal toxicity), but the effect was reversed by PND 70, This begs the question
whether increased or decreased anxiety-like behavior 1s biologically significant and whether both
are adverse, or whether one is adverse while the other is not, particularly as other wvestigators
have reported decreased anxiety related to chlorpyrifos exposure (Carr et al,, 2017). There was
no dose-response for this reported effect among the top three dose levels; while locomotor
activity was reported as statistically significant, the increased (relative to control) motor activity

at 0.1 mg/kg/day was virtually the same as that reported following exposure to 10 mg/kg/day.
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While the inferred NOEL for this study would be 0.01 mg/kg/day, the absence of a defined dose-
response at the top three dose levels calls into question whether this reported effect is treatment-

related at all,

Inshort, a review of these additional five studies reveals that, as with the eleven studies
sumnmarized in Table 1, it cannot be claimed that neurodevelopmental outcomes in animals
occurr below the threshold for ChEl as virtually no study to date has included measurements of
RBC ChEL Moreover, as discussed above, Marty et al. {2012} demonstrates that this threshold

is well below 1 mg/kg/day.

E. Conclusion

Chlorpyrifos continues to be investigated in experimental settings relative to claims that it
is associated with neurodevelopmental outcomes and that in vitre and in vivo animal studies are
supportive of epidemiclogy studies alleging links between chlorpyrifos exposure below the
current regulatory standard and reduced 1Q, loss of working memory, attention deficit disorders,
and delayed motor development in young children. This expansive body of animal literature has
been evaluated for over ten years by the EPA and s FIFRA SAP, as well as international
regulatory bodies. To date, a plausible and biclogically meaningful/replicated mode of action
explaining how chlorpyrifos could be exerting effects on neurodevelopment at dose levels below
the current regulatory endpoint, in either animals or humans, has not been identified. This has
been confirmed by EPA and the SAP. In fact, very few studies, despite claims to the contrary,
have employed sufficiently low dose levels (below 1 mg'kg/day), particidarly those below the
threshold for RBC cholinesterase inhibition, to even probe this hypothesis, Moreover, the vast
majority of studies, including the sixteen (eleven in Table 1; five in Table 2) reviewed above,
have multiple confounding variables and experimental challenges which preciude their use for
regulatory decision-making. There is simply no credible support for the statement that there are
multiple studies indicative of neurodevelopmental effects caused by exposure to chlorpyrifos
below the threshold for cholinesterase inhibition. Global regulatory authorities have utilized
inhibition of cholinesterase inhibition, specifically RBC cholinesterase inhibition, as the
conservative and protective point of departure which protects against all other putative toxicities.

There is no scientific basis to change this conclusion.
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Appendix B: A Commentary on Some Epidemiclogy Data for Chlorpyrifos by
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Surmmary

As part of its statutorily required Registration Review of the pesticide chlorpyrifos, EPA has
been svaluating an epidemiology study conducted by researchers with the Colimbia Center for
Children's Environmental Health (CCCEHY (he “Columbiz study”™). The Columbia study, and
the articles published under tha study, claim an association between de minimis ameounts of
chiorpyrifos sllegedly found almost twenty vears ago in the umbilical cord blood of g cohort of

mothers snrolled in the study and peurcdevelopmental effects in their children ater i life

EPA has previously proposed using the Columbia study a5 o primary basis for setting new
regutatory endpoints for chdorpyrifos. The proposed use of the Columbia study for regulaory
decision making has been challenged in public commaents, independent reviews and even by
EPA's PIFRA Scientific Advisory Panel (3AP), In light of the continuing concerns regarding the
validity of the Columbia study, Dow AgroSciences (DAS) asked Toxicology Excelience for Bisk
Assessment (CTERA™), an independant nonprofit with a mission to protect public health, to
examing certain aspecis of the Columbia study, TERA looked at the alleged Hnk between
chlorpyrifos exposure and neurodevelopmental outcomes reported in one of the mast cited
publications from the Columbis study {Hach et al. 2011, by analyzing the data that could be
derived from the figures and text of the published article. TERAs methodology and findings are

summartzed in detad] in the attached repornt

he TERA roport’s flindings raise a number of serious selentific concerns about the reliability of
the Columbia study's data and validity of the Columbia study’s conclusions. Concerns similar to
th

not 2l data wers included in the Rauh st ol (2011} analyses, Any exclusion or missing daia

se have been eapressed by prior SAPs and otber expers. The TERA findings revenled that

(3«

could impact the conclusions. The TERA report’s findings underscore the oritical importance of
ehbtaining and analyzing the undetying raw da in order 10 assess the replicability of the
Colombia study's claims. In addition, the TERA report notes that use of different, but generally
accepred, graphical representations or piots of the data bmpactad the trends observed and

therefore the conclusions drawn, The tmpact of simple replotting of the data raises further
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guestions sbout the scientific validity and streagth of conclusions drawn in the Rauh et ol {301}

publication and the Colombia study,

The TERA findings reposted here regarding Raub et ol (201 1), along with challenges raised by
other experts, show the fndings cannot be considered reliable for purposes of any regulatory
decision~-making, including but a0t Hmited 10 ssiablishing » new health-based regulatory
endpoint of assigning additional or increasing Uncertainty or Safety Factors, EPA should
continue (o mnsist upon aceess 10 the full set of raw data, The TERA analysis relies on the Hmited
data shared with the scientific community by Rauh et al. (2011, BPA access to and independent
anadysis of all the raw data would help o address and work towards resolution of the questions
and concerns raised in this report. BPA 18 encouraged to share any progress on obtaining the full

set of raw data and resolving these concems.

US EPA’s History of Proposed Uses of the Columbia Study

During 2015-2016, the Columbia study sarved as the foundation for BPA (o propose a link

B

hetween exposurs o chicmyrifos below the current regulntory standard and neurodevelopmental

effecis. In November 2015, EPA issued a proposed rule o revoke all wolerances previously

L

established for fnod uses of chlorpyrifos (Chiorpyrifos; Tolerance Revocations, Proposed Rude
wnd EPA Analyeis of the Small Business bapacts of Revoking Cldorpyrifos Food Tolerances).
Then, in 2016, EPA advanced another regulatory standard for chlorpyrifos (Chivrpyrifos:
FTolerance Revovarions; Notive of Darg Availability and Request for Commenty. Each time, the
Columbia study was the centerpiece for EPA's new proposal. The EPA has given weight 1o this
particular study since i measured chlorpyrifos, not the metabolite, in maternal and cord bloed,
But, DAS along with other extemal expars and including USDA have raised serious challenges
w EPA’s relionce on the Columbia study. Bven EPA’s cwn FIFRA Scientific Advisory Panel
{SAPY in 2016 strongly criticized EPA’s proposed use of this study to set 8 new regulatory
endpeint. Concerns have been raised over the methodology of the study and scientific validiy of
the conclusions, & major criticism raised repeatediy has been that, despite repeated requests, and
the fact that the Columbia study was federally funded, the researchers have refused 10 make the

foll raw dataset from the swdy available for review and validation,

&
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Clairns also have been made that the findings reported by the Columbis study are supported by
some toxicologieal studies and other epidemiology swdies. However, the scientific validity of
these cited toxicological studies has been repeatedly challenged (Oliver, et al. 2018), And, whes
looking across the epidemiclogy studies, the neurodevelopmental outcomes have been over-
generalized, The specific results are not reproduced in the other studies, challenging any claim
of a link between nevrodevelopment effects and chlorpyrifos exposures. In facy, considerntion of
the findings M totad across these studies does not support and even counters the claim that the
apiderniology studies support the Columbia study {Burms and Oliver, 2018; Refer to Sextion IV
of this report), With the validity of the results and conclusions claimed by the Columbia study
already in question, TERA's analysis of data from the Rauh et al. (2011} publication costs further

doubt on the scientific validity of the findings of the Colurnbia study.

The Columbis Study - Background on the shady

The Columbla University researchers have besn studving 4 group of New York City children
borg berween 1998 and 2002 The investgators have followed certaln aspects of dhe
development of these inner-city children of African American and Dominican descent for
approximately 13 veors, The study started by looking at the many probiems and environmental
chatlenges existing in public housing such as holes in the celling, leaking pipes and unrepaired
walar damage, each reported by more than a third of the mothers, which in turn wers sssociated
with cockroach and rodent sightings, Measures of, "unmet neads” that included lnadequate food,
housing or clothing during pregnancy were counted. The investigators also evaluated the
education, imelligence, and income of the mothers, which are predictors of childhood
development. Unavailable was information about the father including poternal 13, From the

any publications from the Columbia study i is evident that this was a very disadvantaged

group of children,

The Cobumbia study was designed 10 ook at many envirenmental factors that may affect
childhood heglth. Tothis end, the investigators tested the household aly ond infant cord bloed for
numerous different chemicals, elements (such as lead), and pesticides. The Columbia study
resenrchers have multiple publicstions in the pesr-reviewed fiernture on cotrelations between a
few of these exposure estimates from birth and subsequent development during childhood, but

have not yet eported on atl

o
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The Colmmbia study enly reported statistical correlations, did not prove couse and effect,

and failed to consider nther plausible causes for their reperted developmental oulcomes

While the Columbia researchers attribute some correlations of lower test scores with higher
chlcrpyrifos levals, correlation clone does not prove a causal relationship, The long-standing and
well-documented effect for chlorpyrifos used as the regulatory endpoint by regulatory agencies
globully is cholinesterase inhilition. EPA isnot able to find s biai@gicaﬁ sxplanation {Le., mode
of action), despite aumerous atternpts 1o identify one, demonstrating how chiorpyrifos in the
body might affect neurodevelopment at levels below the current regulatory endpoing of
cholinesterase. Extenzive ressarch outside the EPA in both humans and animals also shows there
is no biological plausibitity for the clalm of 8 couse and effect relitionship between the alleged
fow lzvels of exposurs to chlorpyrifos and Bndings reported in the Columbia study, As discussed
in the attached brief (Burns and Oliver, 2017; Refer to Section U of this report) there are
multiple other plausible causes for the effects reported in the Columbia study, Most of these were
either not considered or unmeasured in the Columbia study, but are imporntant in undersianding
the underlying factors of childhood development. These alternate explanations nead 1o be fully

considered and secounted for when attermpting @ establish any cause-gnd-effect relntionships.

Analysis of the Columbia stady’s publication by Haub of i, {2011} rolses serions challenges

to the study’s conclusion

One of the most cited publications from the Columbia study i Rauh et al, (2011, which clalmed
statistically significant associations for some reported neurological effects in infants with low
levels of chlorpyrifos ({UPF) allegedly detected in cord Blood st the tme of bink. Specifically,
the publication reported findings of deficis in Working Memory Index ond Full-Scale [0 of the
children ar 7 vears old and alleged an association with prenatal exposure o chlorpyrifos.
Although the underiying data have not been made available for validation, despite repeated
requests from EPA, as discussed in the report by TERA, an analysis of the Fgures in the

publication enabled partial data extraction and analysis. The analysis of these exiracted data raise

significant questions abowt the conclusions put forward by Raub et al. (2011
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Missing data likely impacted findings and conclusions

The snalysis by TERA revealed thar data from 33% of 265 children described in the et of the
publication by Rauh et al, (2011) were missing frovm one of the figures and 13% of the duta werg
missing from another figure, Both figures were the basis in the publication for the claim of an
atieged association with developmental effects. While some of the data which appear 1o be
missing are possibly a result of overlay of data points not obeervable in these published figures,
such overlay cannot reasonably be expectad to scoount for the sxtent of nussing data.
Furthermore, as noted in the TERA report, in correspondencs to the USEPA, Rauh ot ol admit o
selectivity of the dato included in their analysis and publication {sec Footnote 10 and Appendix
A of TERA report), Specifically, data from the four children having the alleged ighest lovels of
chiomyrifos detected were removed from thess figures beeause, according o Rauh et sl (3811
at least one dota point “drastically impaets inference”, which strongly sugpests that the statistiosd

significance of the findings might have clianged if those data poinis had been included,

Plotting the data by different methods shows differing resulls, thereby challenging the

strength and validity of dained associations

TERA also demonstrates that a simple reanplysisfreplotting of data from Rauh et al (2011}
significantly impacts the scale or direction of the effects rend reported. Wher the data for Full-
Seale 10 are replotied in a different manner, consistont with a standard risk sssessment approach,
the evidence for an effect doss not exist. And whea the Working Memory Composite Scores are
plotted differently, a reduced effect is found, As TERA points out, whether one method of
plotting these data is superior to another can be debated, but iF the reponied associntion between
claimed exposure levels and effects were scientifically strong, the resulting interpeatations should

not be affected by the method of plotting used

Conclusion

The now analbysts of the dota presented in Rauh ot al. (2011} shows the reported associations

berween alleged chlorpyrifos fevels in the mother's cord blond and Working Memory and Full
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Scale G in thelr children have serious shortcomings and cannot be independently replicated,
Potential impact of missing data, which appear not to have been included in the Rauh et al.
(2011} figures, along with the demonstrated impact of replotting of the daota using different
approaches, raise serious questions about the conclusions of the paper by Ravh et ol {2011

These issues, along with the other issugs ralsed by various commenters and independent experts,
need 1o be resolved before the Columbia study can be used, i at all, os the basts for regulatory
decisions. The Columbia study researchers providing a complete set of all the raw data suitably
rarked or coded, and not just summaries or selective data, is @ necessary step For further analysis

and validation.

The anatysis included in the TERA report focuses on the impact that missing dals and different
spproaches 1o plotting dota can have on the Columbia study’s conclusions and strength of any
trends reported. The statistical considerations and approaches 1o how cognitive testing rosults
are analyzed and interpreted related w epidemiciogy studies which make reference w
chlorpyrifos have also been previously reviewed and challenged (Edwards #t ab. 2013 The
yndarpinning common denominutor here is that whether it be replotting of data points, statistical
comparisons, o sther experimental variables which inflecnce interpretation, the raw data
svailability pod transparency of those data, while honoring confidentinlity, are needed o reach
ohjsctive, consistent, reliable, scientifically valid, and biclogically plausible interpretations
regarding exposure and effect. This is especially rue of studies which cannot otherwise be
repeated, or which are not consistent with the body of experimenta! and human data available on
chilorpyrifos are needed to rench objective, consistent, and biologically plavsible Interpretations

regarding exposure and effect
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Summary

Rauh et al, (2011}, one of the pubhished studies from the Columbia Center for Children’s
Environmental leth CCCER), claimed stasstically significant associations for some reported
neurclogical effects in children with detection of low levels of chlorpyrifos (CPF) in cord blood
gt the time of birth. It 15 stated that the moethers may have been exposed 1o rogidential uges of
chlorpyriios sometime during pregnancy. Thase reported effects am surprising in hight of the
extensive animal and human zmgdias; on chlorpyrifos that point to changes in a biood enzyme as
s first bﬂ{}iogmai etfect, ovcutring at much higher levels, The chimpm fug-specific
neurodevalopmental findings reported in the CCCEH have not been rephicated in other
czpidcmi{}isf}w publications, nor have the datz on which these publications depend been made
available to government scientists for independent confirmation, despite the iac:? i‘h{st the CCCEH
WS Sil})p{?ﬁwd i part by public funds and the data have been requested by the

Hnviremmental Protection Agency (EPA)

Specifically, Rauh et al (201 1) reported evidence of deficits in Working Memory Index’ and
Full-Scale 1D in chuldren at 7 vears old as 2 funciion of prenatal CPF exposure, Although th
data have not besn made avalable, we were able 1o extract them o part through an analysis ¢
Figures 1A and 1F of Ravh st gl {3011} T}:zn analysis uncovered & surprising Tact, Data frm‘z
approximately 35% of the 265 children described in the text of Rauh et al, g?m 1 Were missing
froem Figure 1A approxmataly 15% of these data were wussing from Figure 18 Altho ;rh s0me
of the missing @dm are possibly due to overlay of dats points not observable i these publis
figures, such overlay cannot reasonably account for the extent of these missing daga. F ur‘th
CCCEH correspondence o EPA admits that data of the four highest ﬁxpo%d children from Raub
of al. (2011} were rernoved from these Sgures because at least one data poing tically impacts
inference,” suggesting that the statisticel significance of these findings may have changed had
these data been ineluded.

i

¢ e

The data extracted from the figures were analvzed in a number of ways, inchuding a plot of data
as response versus log dose, a typical toxicological and risk assessment approach. In contrast o
Rauh af al. {2011}, our analysis does not suggest any evidence of an effect on Full-Seale 19
{Figure 1E), We &iw find less of a negative association {reduction) in Working Memory Index
{Figure 1A), Obvicusly, having all of the available data for analysis are preferred, since the lack
of raw data from these studies makes stalistica! analysis and confirmation, & hallmark of
screntfic inguiry, impossible. The receipt of the raw data would also allow us to consider
adjusting responses for other confounding variables, as was done by Rauh et al (20111
Disclosure of the four truncated date points with the highest cldorpyrifos levels would also
permit evaluation of their impact on the interpretation of the claimed association,

In conclusion, the reported associations of chiorpyrifos lovels with Working Memory and Full
Scale I have significant shortcomings and were not replicated in our analysis. The
inconsistency with cholinergic responses in other research raises doubts abowt the validity of the

Working Memory Index azsesses children’s ability 1o memorize new information, hold it in short-lamm

memny, soncentrate, and manipulate wiftrmation
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CCCEH findings.

Introduction

EPA Admirustrator Pruitt’s recent announcerment that EPA will be strengthening the
transparency in regulatory science or otherwise not using science for which the underlying data
cannot be procured, has provoked significant discussion.” Much has been made about this new
proposed EPA policy, including op-eds against it {e.g., McCarthy and McCabe),” and arguments
for it based on a risk assessment perspective {e.g., Dourson).® All of this discussion serves to
focus attention on an fmportant issue. Specifically, how is science considered acceptable and
useful in EPA’s rulemaking?

in the case of the pesticide chlorpyrifos (CPF), scores of studies® suggest that its sentinel® effect,
that is, the first biological effect {or marker of exposure} or its known precursor, is cholinesterase
inhibition, and that thus inhibition oecurs at roughly the same dose and time course in
experimental animals and humans.” This finding is so well accepted that health agencies across
the world have focused on cholinesterase wnhibition as the basis for determinmng chlorpyrifos”
safe dose. Therefore, it came as a surprise to many scientists that Rauh et al. (2011}, one of the
published studies from the Columbia Center for Children’s Environmental Health (CCCEH),
claimed neurological effects in children associated with prenatal levels of CPF that were much
lower that than those that showed chelinesterase inhibition.® The claims reported by Rauh et al,
{2011) were in contrast to the weigh-oftevidence of decades of accepted studies on chlompyrifos,
and were used by some to suggest an alternative hypothesis, specifically, that the sentinel effect
for chlorpyrifos should be based on human neurological effects rather than cholinesterase
inhibition.

T

wovw federabresisier covidocumenta 20 L RAAS30201 3.000 78 strengthening tra

p St’iﬁi } .
resulatory-seiencel.

P Qe hitmafwww nvtimescom/20 1 0328 omnion/orait-attack-selence-ena. iml

* See: htps woww, washingionexaminer.com/oninion/op-eds/the-enas-new-seoret-scisnce-rule-makes-
senge-rom-a-rink - A ARessnent-DeErsneclive,

*U.S. Environmental Protection Agency. 2014, Revised Human Health Risk Assessment for
Registration Review. Office of Pesticide Programs, Washington, DC. December 29,

& This is also referred o as the chemical’s oritical effect,

P See Zhao et al. 2006, A Review of the Refersncs Dose (RIN for Chlorpyrifos. Reg. Toxicol.
Pharmacol. 44:111-124.

® Rauh et al. (2011). Seven-Year Neurodevelopmental Scores and Frenatal Exposure to Chlorpyrifos, a
Common Agricultural Pesticide, Environmental Health Perspectives, Volume 119 (number 8): 1196-
1201,
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Spectfically, Raub et al, (2011}, show statistically signiticant, negative associations of Working
Memory and Full Scale K scorgs’ af{er adiustment by the natural loganthm with dose shown
nortia 1 mnts ‘"Ef'%“‘- : adéwtzzsem QE the EU SCOTES COMPIesses the t@p th 1 *yna*xﬁs in :‘e::%;itisnshép &0

the subtle immmcc C}E a da?'w nward mzi"s, s&‘md i“s\mc when aQ SCOTes on Ihc Y-&Xi% are not

gcted to be normally distribu md g5 8 ﬁmciiﬂn of dfo&a, &mt 15 1n
ut% er mzmai urits or itseif sdiusted by loganthm (based 1 ?‘GJ(‘?“ ti“-:z‘z the dose w-axis when
acjusted mto log units will also streteh out the lower part ¢ ri s it relationship (o the higher
patt of the axis, I this case the loganthuy adjusument i3 gpp{'q}pnam} hcw&zswrz because most of
the exposure data He in the lowsr part of the dose weaxis,

The purpose of this white paper is to summarize pomnts fo consider when contemplating whether
or not this alternative hypothesis s %unpm“:ah%ﬂ by analysis oft?w available data from these
epiderniniogy findings, and in light of the more extensive COPF human/animal database.

Bethods

Figures tA (Working Memory) and E (Fill Scale 1Q) of Rauh et al, (207 1) wers viewed by
TERA scientists and the results for chiomymfm tevels and tost scores entered 1nto an excel
spreadsheet for further analysis, For Figure 1A of Rauh et all {2071}, 33 date points were shown
by Rauh of all as zero or non-deteciable. For Figure 1B, 60 points were shown a3 2810 01 non-
detectable. Consisfent with the approach of Raul et al (2011, page 1198, ~80% of tymw raluesy
ware asstgned a chlorpyrifos level of 0.3 pg/g and ~20% of them were assigned a level o 1.0

P

The results were then plotied as natural logarithm-adpested response versus reported dose (as per
Raubh ef al, 2001}, and as un-adjusted response versus logrg dose. Linear regregsions were
developed using encel spreadshest software, Qurmg this reanalysis, we discoversd that
apprendmately 353% of the data, as stated 10 be avatlable in the publication in Rauvh et al. (2011
page 1197}, weors missing in Figurs A and :apprf,sximaté:}y? 5% of the dats were missing from
Figure 1E, Moreover, Tour high dose data poinis wers missing in both graphs, The CCCEH
responae 1o US EPA sl suggests to us that the inclusion of these four truncated data points
would have attenuated or perhaps even eliminated the statistical sigmificance of their findings.’

¥ Bach of the measurements in the Rauh et al, (2011 study are 2 "standardized scale has [with] a mean of
100 and SD of 157 {Sce Havh ot al page 1197, ca‘; veas 3, dine 16-17 ) This means that the y-auis 18
expected 1o be a novmal bell-shaped distnbution,

hristensen, PhD; From: Robo ML Whyart, DvPH; Date: April 9, 2015

to Deborah Smegal, MP M {Full mens avaiiable as Appendin A

rMemo o Darrol C
Reduly 2011 let
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¥

Furthermore, our sxammnation of Figure 1A in R«mh gt al 201 revealed 2 sromendous amount
of scatter at CPF blocd concentrations of 5 pg/g or less, but Em b scatter at higher blood
levels, Consequently, it would seem reasonablie to zmlud c these 4 data ponts in the higher blood

concentration range in any calculation,

Hesulis

Figure 1 18 taken from the Rauh et al. (201 1) publication, speaifically thetr Figure 1A {Working

Memoryvy Figure 2 atlermpts (o rephicate the Rauh af sl Figure 1. This rephicalion scems

reasonable from a companison of where the regression lines e in relationship to the high dose

points in either figure, despite the fact that we are missing approximately 35% of the data stated

to be available m Rauh et sl (2011) (see Appendin B for our raw dats and Appendix Cfora

companson between data sets). However, and ﬁmp{\r‘mr‘-tiyy Raub et al. also do not include high

dose data on their charts {e.g., see reference 10 63 p/g on Ravh et al, pag e 119K, column 2,

wh mh s not found on Figure 1A). Apparently (ds;u missing 15 one child with a value of 32 pgfs
see stated CPF range tn Rauh av al, Table )

g 29, the upper bound of the x axiz {chlom s shown (o he
pefgm. However, in T:Lﬁ second paragraph of page 11 1t was veported that the maximum CPF

SV

EPS comment In Figure | pags 29 f
25 1nd

SA)

it was not clear to us why 1n Figure U the range of OPF was truneated,

21

CRP 23”?%%:(,5{‘

COUEH :"f;%p&)m"' The maxunura CPF exposure in the sample was indeed 63 pgfe. The number
of children with OPF levels above 23 pofp were 4. The w-axis was incated at 25 pofam for the

following reasons:
1y Ome of the subjects did not have the oulcomes measured.

3} Fhesubjest with 63 pg'g was g highly influental observanion {outher] zméd .»ssiicaf;ij;
ual analysis in most ar
a8 romoved i‘mm the analysis, This mPlucnes was

nrscts miferenes, Th
Where appropriate, this observation w
olerved (o the §gi ne plots as well and thes lone cuthier af the exiyeme end of the
gxposurs made the plot unstable and uninformative,

&

3 Withp <;‘ WO ubwmfn o lefl wothus rangs, the data were too sparse and the splines

Moreover, being exploratory in nature, the sphineg plows were constructad (0 assoss the adeguacy of
a lingar fﬁiatmmfw between log-transiormed {_T?} and WISC scores. We therefore restricted the
splines o the rangs of CPF values were the data wers not sparse and the curves ware stable.

16
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Figure 1. Ln Working Memory Index Versus Dose of Rauh

et al. (2011, Figure 1A).
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Figure 3. Working Memory Index Versus
Logl0 Dose
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Figure 3 reflects the m a from Figors 2 plotted with the rmpumg unadiusisd and the dose in
logarithmic uniis ¢ Frgure 3 shows g raduced effect on Working Memory Index when
cz&mmred with Figure - ﬁmnd by comparing where the regression lings lig

in relationship o high dose data peints. Thas indieates that the way Rauvh et all (2011} presented
the daifa had an effect on inferpretation ?v?fzfé’we* the response y-axis 1§ not mmpz‘e&@ed W our
Figure 3, ehmunating the subtie visual effect of downward trend dus to this compression of the v
axis found in %wura, The R” for both regression lines are very small, which indicates that

chiorpyrifos does not wui explain the data vanability {i.e. the scatier).

Frgure 4 i3 from Raub et all (20110, specifically their Figure 1B {i\ 2 1) Figure 5 here
atiermnpls to replicate these éms}z'igs Thus replication 18 nol as close ires | amﬁ Z. {Amm
cormpare where the regression lines e in relationship 1o hgh do}a points n ather Figure 4 or :’5 3

As in the previcus companson of Figures 123, some of the data stated 1o be available in Ravh ¢
al. {20711 are missing (n this case appro "“’m"ﬂiv 5%, see Appendin B for our raw data).

Figure & reflects the data from Figure 5 plotied with the response unadjusted and the doss in
loganthmic units !Iog n} Figure 6 shows no effect on Full Seale Composite score when
compared with Figure 5. As before, the y-axig 18 not compressed in our Figure 6, ehiminating the

subtle visual 6?}‘&;*{ .o*? {wm”ﬁrd trend due to this compression in the yv-axis of Figure . The R°
1s for Full Scale 10 15 even smaller than for Working Memory, suggesting that chlorpyrifos s a
poor predictor of the cutcome.
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Figure 4. Ln Working Full-
(201

Full-Seoale 10
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1,

ale 1Q Versus Dose of Rauh et al.
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Figure 6. Full Scale 1Q Versus Logl0 Dose
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The bottom ling of this simple reanalysis is that evidence of effect for Full-Scale I does not
gxist when the study data are presented i another mamner (Figure 63, Working Memory shows
gvidence of 2 negative statistical association with dose (Figure 3}, but thus svidencs 13
problematic due to missing data, including data for the huighest exposed

individual that Raph ¢t sl {2011 state “was a highty influential obsorvation (outhier) and
drastically impacts inference.”

Overatl, the lack of raw data from this study makes statistical analysis and confirmation of the
authors” data and results, a hallmark of scientific inquiry, impossible.

Discussion

The most significant challengs, by far, in any reanalysis of the Rauh et al, 2011 study 15
the ahsence of data to conduct a credible replication to confirm the data analysis, For exampig,
Rauh et al. (2011} state that

O TS consenting women, 535 wers sotive participants in the ongoing cohort study at
the time of this report, and 265 of their children had reached the age of 7 years with
complete data on the following: @) prenatal maternal interview data, ») blomarkers of

o iy -}

arengtal CPFF a‘:xpmwﬂ fevel from maternal and/or cord blood samples at delivery, o
nastnatal covariates, and &) neurndavelopmental outcomes.”

However, the Resulis section of Rauh et ol (2011) show g series of 5 graphs, sach of which
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would be expected to offer a complete picture of effects based on 265 children {as suggested
from the quotation above). Yet, our analvais of two of these graphs (Figures 1A and 1E) show
~35% or ~15% missing data pomnts, respectively, and netther of these graphs include the data
potnts from the highest cord blood CPF exposures of 63 pg/y, or another higher dose data point
of 32 pg/g, as stated by Rauh et al. (2011, Table 1} (see Appendix B for our raw data),

Diespite these missing data, what do our analyses show?  Although negative neurclogical
assooiations are reported in the Ravh et al. (201 1y with C P‘? gxposurg when a pim sf% ‘»& oriing
Memory Compaosite Scores are normalized by their natural logarithm, and plotted against do»::,
‘“h s manner of data display 8 not the ondy ons pmsabiﬁ A %iand&zd risk assessment approach
would be to plot the unadiusted scores, which are already expected 1o be normally distributed in
the human population {as per Ravh et al,, 2011 E,xp@mmmgha Dhesign), against the Ingarithm of
dose.

When the results of Ravh et all (2011) are plotted using logarithmic scales in this way, a reduced
association s found. For emmpk Figure 2 13 a representation of Rauh ef al.’s Figure 1A (shown
here as Figure 1) plotted as the natural logarithrn of response versus dose. Figure 3 shows thess
same data, but where the response, Working ?‘»’Eer" Wy, 15 piotted as unadyusted response versus
tog dose. A companison of Figures 2 and 3 will show that the negative trend of Figure 2 for the
W miung Memory 15 less i Frygure 30 When a 5zmimr amlym 18 pﬁl‘i'\ﬁﬂ{id for Fult Scale 13 {or
Croampostie Score} the shght Y;«&gatwe trend of Figure 5, which is a representation of Rauh et al.
{2011 Figure 1 and shown here as Figure 4, disappears; compare Figures § and 6.7

Whether one method of plotting these data 13 superior to another may he important, but a strong
irue association should not be affected by the method of dala plotting. A more appropriate,
soienitfic approach to contirm our findings would be to have access to the underlving raw data.
For mdmple access to the raw data would enable us to discuss our results in more statistical
terms, by comparing the differences in the slopes of the regressions and the low r* values. This
:ve;mid allow 2 stronger statement on whether a statistical significant association is found (or not),
Further, access 1o the raw data would allow us and others o adjust for confounding factors as
was performed by Rauh et al. (2011) in their regression. Moreover, we might be able (o mime
our analysis from a simple linear approach to an alternate approach in a manner similar to that
shown by Rauh et al, (2011} who presented a smooth cubic spine curve.

" What about including the missing high dose data? Adding the two high dose data points described in

Haub et al 2001 to fgures 3 and 6 and supposing only average responses further decrease the negative
slopes, but ondy slightly {data not shown). This mdawm gven less of an effect, 1f any, from chlorpyrifos
EXPORIrS,

21
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We acknowledge that cur analysis from publbished graphs 18 a rudimentary way o oblain the raw
data of Rauh et 8l (20117, because dala points may often ov ez“aay one another 1o published
figures.'* Still, such an analysis of the Rauh et al. (2011) data shows that no CPF exposures
gre d’iﬁ‘l t}mn 25 pg/y are plotted. Bo, where are thess high dose data deseribed by Rauvh et al.
(2011

Mot surprisingly, 28 co-sponsors of the study, sctentists with the EPA have asked for the raw data
from Rauh ot al (2011 and swlier pub;mﬁ;ona,” Such & request would seem reasonable,
because as desceribed by Rauh and coworkers:

s study was supported by the Nanenal Insuiuie ? wirarrnental Health Sciences
{grants WQH:?.SQ%GU %U SG15905, and SR ?r 8977, LLS, Environmental
Protection Agency {grants RE27027, 8260901, and i\& 006435}, the BEducational
Foundation of America, the John and Wen why MNew Family Foundation, the Now York
Community Trust, and the Trustess of the Blanchette Hooker Rockefeller Fund”

i
7y, 1

Ag EPA has noted in 18 request for the raw data, ts soieniists are familiar with rules for handling
contfidential data, Muoreover, personal information of the subiects van be redacted while
mantaiming the ability to replicate findings.

Unfortunately, the raw data have not been {orthcoming.

A number of additional questions or comments can be raised with regard to this epideminlogy
study, For example:

®  How is it that the full scale composite score gra g‘n of Rauh et al {2011, Figure 1 B} has
mc-ra dats points than Ravh et al 1y graph of working memory compost

{Figure 1A, 1§ the former depends on the fattex?

® Ao dl*;g 1o Rauvh et al (201 1), wbihcal cord blood samples were not collected at birth
?2 e of the study population. Nor were prenatal blood lead levels, 2 known
nearoiogical visk for children, collected for 66% of the maternal study population. In
addition, blood lead samples were only collectad in 89 out of 265 children, or 34%,

+  Epidemiclogists often study associations ameong & plethors of effects versus exposures to
multiple chemicals, This 18 2 good strategy sines associaiions can lead o further, more
definitive, investigations, based on a more clearly defined hypothesis. The hypothesis

115 essentially impossibie that all of the mi":‘ﬁ' wr data points in the Raub et al, (201 1) Figures 14 and
IE are underneath the other pomts. One point 5 ~0.01% of the mph area and all data pomts combined
overs less than ~2% of the graph area. There are 265 children in the study, but only approximataly 170
data points ohservable in Figure 5, the chance that all of the missing daa points are hudden below
osther data poinds 18 miniscule. Rat:m:z ’*3:3 wars that many of these data points were not added o these

figures,
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developed from the Raub et al. (2011 ’} study, in particular, would be that neurologieal
effects ccour at doses lower than cholinesterase nhmaanor‘ This hypothesis can be
tested. ..

# . And it has been tested with CPF in 2 number of experimental animals, and found not 1o
be supported. Specifically, neurclogieat effects do ocour in experimental animals, but
snly at doses that exceed those which cause cholinesterase inhibition in the experimental
ammais (EPA, 2014). Although 1t may be that these experimental animal studies are not
able 10 monitor for the types of neurclogical effects assotated with increasing CPF doss
i Rauh en sb {2011} and related siudies, the observed neurclogical effects in
superimental ammals are more than | }{}«ﬁvid greater on the dose scale than the purported
spidermology associzlions. This dispanty in dose makes ¢ difficult to accept the
epudemiological associations as credible, especially when human and experimental
armal studies are similar in dose with vespect o cholinesterase inhibition, the current
Sﬁ:rﬁtmfi or eritical effect for CPF as demonstrated by £ "zaﬁ gt al., {20063 Should one
expect that neurclogical effects would differ in the dose sc 6 between expenimental
ammals and humans, when the oritical effec, cholinesterase inhibition, does not?

¢ The metabolite responsible for the toxicity of cholingsterasg inhibition, CPF-oxon, is
formed in the bver and ‘)‘}“/ of this oxon dertvative irreversibly binds o cholinesterase in
the blood at levels (EPA, 2014). Smc,su 1t 15 30 bound, it would not be expented {0 reach
the brain to atiect ne ult\h) pieal development of the fetus at levels much lower than levels
which do not ()mfjmhii show any effect on the sentingl blood enzyme In fact, an analysis
by Marty et 2l (2012)" showed no systemic bioavailability, nor any brain cholinesterase
intubition with the CPF-oxon at doses comparable 1o the established safe doses.

# A number of other factors are koown 1o affect newredevelopmensal effecis tn mfants and
children. These other documented, potential causes of the offects repovied need o be
fully evaluated.

# The specific results described by Rauh eral, (2011} are not reproduced i other
epiderniciogy studies, which challenge the olaim of 2 link between neurodevelopment
effects and chlorpyrifos exposures. In fact, Burns (2018) shows that consideration of the
findings in tofal aeross these studies does not support and even counters such a claim.”

Conclusion
One of the papers from the CCCEH, specifically Rauh et al. (20113, has been cited as showing a

statistical association between CPV exposure and intelhigence. This study has Stgmﬁcam
seientific shortcomings. An analysis of the published figures shows that up to 35% of the date

e M.S.Ma-i‘«' A Ardvus, MLP. Bell LK Passage, AW Perals, Bl A Hroak, M J Bartels, ] Beck, D R Juberg,
Cholaes ¢ inhibition and toxicokinetios in aumature and adult raiz ﬁimr acute or repeated exposures
Vh;wpwn;cm or chinrpyrifos-oxon. Bep, Toxigel Phannacol 63 (2% 208234 2y :

" Burms, 1. 2018 Reproducibility is orivcal for determining scigntific validity. Sanford, ML Junsz &

N2
fd
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appear 1o be mussing, and that the date adustment used was nof typical fromn a risk assessment
perspective. The associations are fessened or no longer apparent when different togarithmic
assurnptions were ussd in the reanalysis. Moreover, the data, generated iy part by public funds,
have not been made available for independent review. These shortcomings make it difficult to
confirm this study’s findings and raise senous scientific doubt about the validity of the published
resulbts,
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Dear Debbis

The questions are quile straight-forward | so hopefully this will ciaf:?‘g your reading of the
resuits. The imporiant pointis hat we have modest yel meaningful findings thal are
consisient across several different analbyvlic aporoaches We note thal you have
suggested other stalistical approaches. such as generalized Linear Model which is
typically emploved in situations where departures from normality are more exireme than
the present casea. s always a udgment call to salect the sin ;Ee‘e Best approach

Thank you for pointing out the one digit error in the on iine version of the pager (Table
23, and this has been correciad in the final version  Dtherwise, ;\ pase 8t us know I you
have additional gusstions

We are nol surs how sxactly the calouiations above were dons. We compuled the
Geometro Mean (GM) and Qﬂﬂi’"‘tﬁ)i; i Blandard Devi Mc:m (GE0) of the Chiorpyrifos
m;z;mm from the data and w&m-:’ found to be 0.85 and .22 re%}sem val y T ?ms; for ong

G50 increase in OFF the Fu il Boale 1Q on average deorsases by 1 85% and Working
%’Eem ry by 3 865

weed 83 pg/g . The number of

The maximum GPF exposure in the sample was |
children with CPF levels above 25 pgfg were 4. Th
for the following reascns

11 One of the subjects did not have the culcomes measurad

21 The subiect with 63 pg/g was a highly influential observation {outher and
drastically impacts inference. This was confirmed based on residual analysis in most
analyses Whers ag}p*ggr;aim this observation was removed from the analysis. This
rfluence was ohserved in the spling plots as well and this lone oullier at the extreme
snd of the exposure made the plol unstable and uninformative

2y With lust two observation tefl in this range, the data were o0 sparse and the
splines 100 unstable in this reglon |

& w-axis was truncated al 298 pgfom

]
fonp
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Moreover, being exploratory in nature, the spline plots were constructed (o assess the
adequacy of a linsar relationship between log-ransformed CPF and WIBC scores. We
tharefore restricted the splines o the range of UPF values were the dala were not
sparse and the curves were siable.

oy

i table-y

The Fully adjusted coefficients in Table 2 should have values consistant with the values
i the supplemesntary malerial Table 1 Thus for Full scale 10 rounded o thres
sigrifinant digits the B5% Cls were -0 006 10 0000 and the p-value mounded to 2
decimal places s equal 1o 805 {(0.048) The values in table ¢ in the mam paper should
have read -0 006 0 000 as opposed o -0.008, D001 Thanks so much for picking up
this incorract digit

We diraot the reader 1o the comparability of the LABSD and the fully adjustad modeis n
terms of effect size {coaflicienty, The fully adjusled model s the more Tamil lar approach

to regression analysis, and includes alf of the covariales We were inferestad in using
LASSO o demonsirate that the effect sizes do not vary in a meaningful way, using g
procedura that may be less vdinerable (o over-Blling . In inlerpreting the resulls  the
effect size may be more imporiant than statistical significance alone. as the significance
can be affecled by sample size and power. Specifically, when sample size and power
are modest the resuils of significance tests can be misleading because of being subject
o Type H arrors {incorrectly failing o rgject the null hypotbesis? In these siuations, i
oan be more informative to use the effect sizes (how much of an effect). aspeoally with
the confidence intervals

T Nay
3 issuas of con

The intention hore s (o mvestigate the shape and the strength of the possible doseeffect
rafationshin. While g Generalized Linear Model might alse be used | log

transformation usually provides consistent resulls when we have normal residuals (as
wa do here). Generalized Linear Models arg a kind of exiension of the linsar modeling
process that allows models (o be Bl o data that follow probability distributions other than

27
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the Normal distribution, such as the Poisson. Binomial, Multinomial and sic.
Generalized Linear Models also relax the reguirement of eguality or constancy of
variances thatl 18 reguired for hypothesis tests in raditional linsar models. While 18
carainly poasible (o use Generalized Lingar Models {(and there are many different ways
o test our hypotheses), there s no indication thal this procadure would resull in a belter
it or & more precise estimate,

28
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Appendix B: TERA Reading of Rauh et al. (2011) Figure 1A

The first 33 points are zero or non-detectable and have been assigned chlorpyrifos levels
with Rauh et al. 2011 page 1198, Specifically 80% at 8.5pg/g and 20% 1.0pg/e. This set of
dats points was manually read from Figure 1A Rauh et ab. {2011).

RN fog in InWorking  Working  Probils
{pgfe)  Chisrpyrifos  Chiorpyrifos  Memory Memory
{ns/e) {pe/sl index index
0.5 03 0.7 476 71 195
0.5 3 057 435 77 15D
0.5 03 07 4.38 80 -1.34
0.5 03 0.7 4.38 80 134
8.5 0.3 4.7 4.45 8 096
8.5 . 0.3 0.7 4.47 87 -0.84
0.5 ' 0.3 07 4.47 87 08
05 03 0.7 451 91 0.51
0.5 02 07 4.55 85 036
o pes o Tt
.5 (3.3 0.7 4,58 ey 047
0.5 .3 0.7 458 98 -0.17
0.5 0.3 0.7 4.5 89 0.0
______ T el e Y
0.5 03 07 4.63 o 0437
e e B S — i
0.5 0.3 0.7 4.68 108 0.52
e b = o e =
0.5 7.3 0.7 47 110 0.66
8.5 0.3 a7 a7 110 0.66
0.5 0.3 0.7 4.73 113 0.89
0.5 0.3 0.7 4.7% 116 104
0.5 0.3 0.7 4.75 116 1.04
0.5 0.3 0.7 4.7% 120 1.35
v e P e S - S
1.0 0.0 80 447 83 113
o o e T = o
1.0 Y R 4.55 95 0.36
L e e e

ED_002962_00002792-00110



PN
{og/el

iog
Chigrpyrifos

ipglel

i

Chiorpyrifos

{pe/e)

In Working  Working
WMemaory Memaory
fndex index

Brobits

1.0
1.0
1.0
1.¢
225
13
375
B

3
1.2
i2
8.7
.45

3.75%
15
iz
i

.25

&.24

5.23

2.5
_____ -
2.3
6.25
213
16.3

0.0
0.0
¢.0

4

.6
8.8
05
ol

0.0
0.0
0.4
Q.4
.2
2.6
13
2.1
1.1
(.2

2.5

2.3
1.8
18
1.4
13
2.7
2.5
23

18

g -

i4
11
i
0.8
2.8
.7
.7

2
F

¥
EAN

2.8

2.4

2.3
e
Lo

1.6
1.4

4.65
4,63
473
4.81
426

4.3
4,35
435
4.35

105
108

[EER Y

77
77
77
80
&0
80

&3

o -

X
A tad

ey

23

83
83
23
83

83

&4
36
86
N
8o
a6
86

.31
.52
(.88
1.52
-1.85
-2.13
175
-1.50
-1.50

&2
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s f . f . ; . ] :
T N > N VS S AN WA
ind
fo=
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CPN log in InWorking  Working  Probits
{pgfe} Chiorpyrifos  Chlorpyrifos  Memory Memory
{pg/al (pe/s) index index

25 0.4 5.9 4,45 86 096
15 12 2.7 4.47 87 0.84

13.8 11 2.5 4.47 87 -0.84

11 1.0 2.4 4.47 87 084

5 0.7 16 4.47 87 -0.84

3 0.5 11 4.47 87 0.4

2.9 0.5 11 4.47 87 084
S o g e RG2S
S e - e =
e 2 e S

; ey e o Tl

5.5 0.8 1.9 452 92 054

: T g " e

4.8 6.7 1.6 4.52 a2 054

25 0.4 0.9 4.52 92 054

2.3 0.4 o8 4.52 82 054

~ e ol 2 o

: e e e

4 0.5 1.4 455 95 036

________ Ty e Y
2.6 0.4 1.0 455 95 0.36

2.5 0.4 0.9 4.55 95 036

2.4 0.4 0.9 455 95 0.36

2.2 0.3 0.8 4.55 85 -0.36

vvvvvvvvvv P e
"""" 1 0.0 0.0 4.55 35 0.36
1 4.0 0.0 4.55 85 0.36

12 11 2.5 458 98 017

5.5 0.7 17 458 98 0.17
e e S g o

4 0.5 14 458 g% 0.17

4.1 0.6 1.4 4.58 98 0.17

2.5 0.4 0.9 4.58 98 017

2.3 0.4 0.8 458 98 0.7

1.2% 0.1 0.2 458 98 0.17

1.1 0.0 0.1 4.58 8% 017

12.6 t: 25 46 49 .03
.................... o 2 e e
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CPN log in In Working  Working  Probits
{pefel  Chiorpyrifos Chlorpyrifos Memaory Memaory
 ipg/w) ipg/e) Index index
B.75 3.9 i) 45 o3 D03
4.8 0.7 1.6 4.6 94 0.03
4.8 0.7 1.6 46 89 -0.03
3.8 0.6 13 4.6 59 003
2.5 0.4 09 46 85 003
3 0.5 11 4.6 85 -0.03
16 0.5 1.3 4.6 95 .0.03
2.3 0.4 0.8 4.6 99 -0.03
11.3 11 24 4.63 103 0.17.
8.75 0.9 22 4.63 103 0.17
¥ 0.8 1.9 463 103 0.17
3.75 0.6 13 463 103 0.17
4.25 0.6 14 4.63 103 0.17
2.5 0.4 0.9 4.63 103 0.17
2.6 0.4 1.0 4.63 103 0.17
1.25 0.1 0.2 4.63 103 0.17
1.2 0.1 0.2 4.63 13 0.17
2 0.3 7 4.63 103 0.17
1 0.0 0.0 4.63 103 0.17
> 0 o res o s
16 12 2.8 465 105 0.31
10 10 23 4.65 105 0.31
6.25 08 1.8 4.65 105 0.31
’ e P o o
3.75 06 13 4.65 105 (.31
1.8 0.6 13 465 05 0.31
33 0B 14 4.65 105 0.31
4 0.6 1.4 4.65 105 0.31
"""" 2.5 04 5.9 4.65 105 0.31
2.6 04 10 465 105 0.31
2 03 0.7 4.65 105 0.31
, 2 S, e o B
8 0.9 21 4.68 108 0.52
e g i o s o
4.9 0.7 16 488 108 0.52
i o R g . "o
3,75 0.6 13 4.68 108 052
2.5 0.4 10 469 108 0.52

ED_002962_00002792-00113



PN g in In Working  Waorking  Probits
{ppfel  Chiorpyrifos  Chiorpyrifos  Memory Mermory
{pa/a) {pe/g) Index intdex
2.4 0.4 0.8 4.68 108 (.52
2 0.3 0.7 4.68 108 {0.52
1.1 0.0 Ok 4.68 108 (.52
13 1.4 2.4 4.7 110 .66
4.9 07 1.6 4.7 110 (.66
2.7 0.4 1.0 4.7 110 .66
2.8 0.5 1.4 4.7 110 0.66
1.7% a.2 RS 4.7 110 (.66
1.25 a1 .2 4.7 110 0.685
14 11 2.6 4.73 113 {1.89
b 1.0 2.2 4.73 113 {188
& 0.7 1.6 4.73 113 0.8%
2.6 0.4 1.0 4.73 113 {389
1.25 1 0.3 4.73 113 .85
3.2 1 0.2 §.73 113 {3.89
b 1.0 2.2 475 116 1.04
4 0.6 1.4 475 116 1.04
2.5 3.4 1.0 4.75 116 1.04
2.4 .4 0.9 4.75 116 1.04
1.25 1 0.2 4.75 116 104
1.8 3.1 .2 4.75 116 1.04
378 g6 1.3 4,74 130 1.35
i.2 0.1 0.2 4.79 130 1.35
51 7 1.6 4.81 123 152
375 .5 1.3 4.81 123 152
1.7% 0.2 0.6 4.81 123 1.52
2 0.3 0.7 4.81 123 152
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TERA Reading of Rauh et al. (2011) Figure 1E

The first 60 Points are zero or non-detectable and have been assigned chiorpynifos levels
congistent with the Raub et al. 2011 page 11988, Specifically 80%% at 0%pp/g and 20% 1 0 py/n.

This set of data points was manually read from Figure 1E of Rauh et al. (2011

Chlorpyrifos  log in in Fuli Scale  Full Scale
{nefe) Chlorpyrifos  Chlorpyrifos  Composite Composite
{refe) {pe/e) Seore Seore

0.5 0.30 0.7 4.27 72

o T Tl e -

1 0.00 0.0 4.34 77

0.5 0.30 7 4.35 77

,,,,, e e e vs w
0.5 .30 0.7 433 81

0.5 -0.30 0.7 4.43 54

F 0.00 0.0 443 84
Gy e e -

0.5 0.30 0.7 4.45 85

0.5 -0.30 0.7 4.46 86

0.5 030 0.7 4.46 26

7 o e o o g

05 030 01 4.4% 88

0.5 0,30 0.7 4.45 89
............................ e g o
0.5 0.30 07 4.51 g1
,,,,,,,,,,,,,,,,,, ! o =
0.5 0.30 0.7 4.53 93

0.5 -0.30 07 453 a3

0.5 0.30 0.7 4.54 94

- g SEL e o
___________________________ e g bl i s
0.5 0.30 0.7 456 96

05 030 07 456 BT
0.5 0,30 07 457 97

____________________ o e
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Chiorpyrifos  log in in Full Seale  Full Scale

{pefe) Chiorpyrifos  Chiorpyrifos  Composite Lomposite
{pefe} {pe/e) Score Score
1 0.00 a0 4,58 58
0.5 030 07 459 98
0.5 0.30 0.7 4.59 98
0.5 0.30 0.7 4.6 99
0.5 .30 07 4.61 100
1 0.00 0.0 £.61 100
0.5 0.30 0.7 462 101
____________________________ e & — o
0.5 .30 .7 483103
vvvvvvvvvvvvvvv s hy g o
: o iy e -
0.5 .30 07 4.64 104
vvvvvvvvvvvv < e e o e
0.5 0.30 0.7 4.66 106
____________________ - o ol o e
1 0.00 0.0 4.68 108
e s - o s
e S o -
0.5 0,30 0.7 4.59 109
R e P P g e
1 0.00 0.0 471 111
"""" 0.5 0.30 07 472 112
0.5 0.30 07 4.72 112
0.5 0.30 0.7 4.73 113
g g Py b s
1 0.00 0.0 4.74 114
0.5 0.30 0.7 4.75 116
- o g o o
0.5 0.30 07 4.78 119
0.5 030 0.7 4.79 120
S e o o s
0.5 0.30 07 4.81 123
0.5 0.30 0.7 4.81 123
_________________________ e el o =
6 0.78 18 4.25 70
10 1.00 2.3 431 74
1.2 .08 9.2 431 74
1.7% 0.24 06 433 76
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Chiorpyrifos  log fry iy Full Soale Full Scale
{mefes Chiorpyrifos  Chlorpyrifos Composits Composits
{pa/e} {pa/e) Score Score
5.75 0.76 1.7 4.35 77
1.25 0.10 0.2 4.35% 77
1.4 0.04 3.1 4,35 77
8.25% 080 15 4.37 79
18.5 1.22 2.8 4.39 83
4.5 Q.65 1.8 4.3% 81
1.2 0.08 .2 4.39 R1
18.75 117 2.7 4,41 az
4 a.60 1.4 §.42 83
3.7% Q.57 13 &.4% 83
8 .90 2.1 4,43 34
6.25% .80 ig 4.43 34
1.25% 010 3.3 4,43 24
21 1.32 30 4.44 55
3 .48 1.1 4.45 86
2.5 .40 0.4 4,45 ’6
10 1.00 2.3 4.46 28
4.75 0.68 1.6 4.46 a6
4.25% .63 14 4.46 86
2.5 0,40 08 4.46 &6
2.25 0.35 .8 4.46 &6
z 0.30 o7 4.46 a6
1.2% 010 02 4.4 B
1 1.08 2.5 4.48 82
4.7% 0.68 1.6 4.48 88
2.3 0.34 (.8 4.48 a8
2.1 0.32 8.7 4,48 88
4.5 .65 5 4,49 89
35 .54 ) 4.449 8%
2.5 0.4¢ 3.5 4.48 38
& 0.30 0.7 4.49 59
17 1.23 2.8 4.5 90
& 0.78 1.8 4.5 a0
14.7% 1317 2.7 4.51 a1
7.25 0.86 20 452 92
& .78 1.8 4.52 G2
4.2% 0.63 1.4 4.52 g2
3.75 0.57 1.3 4.52 a3

ED_002962_00002792-00117
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Chioroyrifos  log Iry In Full Scalde Full Scale
{ngfgd Chiorpyrifos  Chlorpyrifos Composite Composite
{pe/g) {npe/e) Scare Seore

1.9 (.28 0.6 4.52 92
1.7 0.23 .5 4.52 92
1.2%5 0.14 0.2 4.52 g2
8.25 D9z 2.1 4.53 33
5.25 .72 1.7 4.53 E
2.9 0.46 1.1 4.53 a3
225 0.3% .8 4.53 43
2 .30 0.7 4.53 93

11 1.04 2.4 4,54 94
3.75 0.57 1.3 4,54 94
23 1.36 3.1 4,55 a5
1.5 088 2.0 4.55 45
4 3,60 1.4 4,55 95
2.8 0.45 1.0 4,55 95
1.75 (.24 0.6 4.55 a5
25 3.93 2.1 4.5 a6
2.8 .45 1.8 4.56 a6
58 0.77 1.8 4.57 g7
4.7% 0.68 1.6 457 97
4,35 2.63 3.4 4,57 97
&5 (3.40 0.9 457 a7
2.25 (.25 0.8 4.57 97
16 1.20 2.8 4.5% 98
118 1.07 2.5 4.59 98
8.75 .94 2.2 4.59 a8
6.8 0.83 1. 4.59 98
3.85 0.59 1.3 4.59 98
25 0.40 0.9 4,59 a8
2.2% (.35 0.8 4.59 a8
1.75 (.24 06 4.5% 98
1.2% 0.10 3.2 4.549 98
11 0.04 0.1 4.59 58
4,75 .68 1.6 4.6 99
2.55 0.41 R 4.6 94
2.25 0.35 0.8 4.6 99
4.5 0.65 15 48l 100
2.5 3.40 0.8 461 100
1.7% .24 4.6% 100

.6
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Chiorpyrifos  log fre inFull Scale Full Scale

{pgfed Chilgrpyrifos  Chiorpyrifos  Zomposite Composite
{pg/e) {pe/e} Score Score

13 1.11 2.6 4.62 101
11 1.04 2. 462 101
7.25 0.86 2.0 4.62 101
7 0.85 1.9 467 101
5.45 0.74 1.7 462 101
4.6 0.66 1.5 4.62 101
4.25 063 14 462 101
375 0.57 13 4.62 101
2.5 040 ne 462 101
9,75 0.59 2.3 4.63 103
8 078 1.8 453 103
1.8 0.26 0.6 4.63 103
1.22 0.09 0.3 463 103
1.1 0.04 0.1 4.63 103
2.8 0.46 1.1 464 104
2.4 0.38 4.9 164 104
1.45 0.16 0.4 4.64 104
1.1 0.04 0.1 4.64 104
11.4 1.06 2.4 4.65 105
4.9 0.69 1.6 4,65 105
3.9 0.59 1.4 4.65 105
3.75 0.57 1.3 4.65 105
2.6 0.41 1.0 4.55 105
2 0.30 0.7 4.65 105
1.5 0.18 0.4 4.65 105
11.9 1.08 2.5 4.66 106
4.75 0.68 1.6 456 106
3.8 0.59 1.4 4.66 106
2.35 0.37 0.9 4.66 106
2.25 .35 0.8 4.66 106
9.75 0.99 2.3 4.57 107
5.8 0.83 1.9 467 107
4,15 0.62 1.4 4.67 107
3 .48 1.1 4,67 107
2.6 0.41 1.0 4.67 107
B 0.78 1.8 468 108
5 0.70 1.6 468 108
4 0.60 1.4 458 108
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Chiorpyrifos  log in i Full Scale Full Scale
{pefel Chinrpyrifos  Chlorpyrifos Composite Lomposite
{peie) {pafel Score Score
2.8 .45 1.0 4.68 108
2.6% 042 1.0 4.68 108
2 2,30 oy 4.68 108
1.7 .23 0.5 4.68 108
1.5 0.18 0.4 4.68 18
11 1.04 2.4 4,649 109
8.6 0.93 2.2 £.69 109
£.25% 080 1.8 4.69 109
4.2% 0.63 1.4 4.69 108
31 .49 1.1 4.6% 108
3 (.48 1.1 4.69 109
2.5 {3.44 3.8 4.69 104
1.6 {20 0.5 4.69 104
1.2 .08 0.2 4.68 10%
&.6 0.82 1.9 4.7 110
3 .00 0.0 4.7 110
8.75% .94 .2 471 111
8 .90 2.4 4.71 111
138 114 R 473 112
8.65 .54 2.2 4.72 132
5 070 i6 $.72 112
3.9 .59 14 478 112
11 1.04 2.4 4.73 1313
9.5 .98 2.3 4.73 113
4.6 0.66 15 473 113
4.5 g.65 15 473 113
4.8 0.68 1.6 4.74 1i4
4 .68 1.4 474 114
2.65 .42 1.0 §.74 114
1.45 818 0.2 4,74 114
2.2 .34 0.8 475 116
.15 .71 1.8 4.76 117
2.5 .44 1.0 4,76 117
2.7 0.43 10 476 117
1.28 0.08 0.2 4.76 117
1.25 010 0.2 477 118
1.2 0.08 £5.2 a77 118
4.2 0.62 4 478 119
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Chlorpyrifos  log in I Full Seale  Foll Scale

{pgfel Chlorpyrifos Chlorpyrifos Composite Composite
{peiel {pa/g} Score Score
8.75 0.94 2.2 479 120
4.8% .69 16 4,79 120
1 0.040 0.0 473 120
175 1.03 2.4 4.8 122
) 0.78 1.8 4.8 122
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Appendiy O

Table of Comparisons of data points in 10 analysis
Rauh et al (2011} This Analysis Dritference
- truncated <= ) . o o )
Published =~ .. ey | Scanmed  LOD Difference %%
>2Spgly  LOD
Working
Memory 265 4 P18 170 33 Gl 35%%
Full
Scale 1Q 5 4 115 222 & 39 18%
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I Brief on Alternate Explanations for Alleged Effects in the
Columbia Study

alternate Fxplanations for Alleged Efects in the Columbia Study

Situation pyerview

Researchers for the Columbia Cemter for Children's Favironmental Health [CCCEH) epidemiology study
{the “Columbia study”} have dlaimed in thelr publications 2 coreslation between levels of chiorpyrifos
ategedly found in the umbilical cord blood of a group of mothers almost 20 years ago with
neurcdeveloprmenta! effects allegedly observed in their children later in life. £PA i3 proposing to use the
findings from the Columblia study as proof of a causal reletionship and to then set a new, dramatically
bower, regulatory health endpoint or Point of Departure {Polh) for chiorpyrifos based on that study.

Backeround on Columbia study

The Columbia University researchers have been studying a group of New York City chitdren born
hetwsen 1998 and 2002, The investigators have followed the health of thess inner-city children of
African American and Dominican decent for 15 years. The study started by looking at the many
groblems existing in public housing such as holes in the cetling, leaking pipes and unrepaired waler
damage , each reported by more than a third of the mothers, which in turn were associated with
cackroach and rodent sightings. Measures of “unmet needs” that included inadecuate food, housing or
clothing during pregnancy were counted. The investigators also evaluated the education, intelligence,
and income of the mothers, which are predictors of childhood development. Unavailable was
information about the father, incdluding paternat (0. From the many publications from the Columbia

study i is evident that thisis a very disadvantaged group of children,

The Coiumbis study was designed 1o look at many environmental factors that may affect childhond
health. To this end, the investigators tested the household air and infant cord blood for numerous

different chemicals, elements {such as lead), and pesticides. They have multiple publications in the
peer-reviewed literature on corvelations between a fow of these exposure estimates from birth and
subseguent development during childhood, but have not yet reported on all.

Claims of health effects in the Columbia study

Publications by the Columbia study researchers noted that by age 2 nearly half of the study childran
were diagnosed with moderately delayed mental development and many were physically delayed. By
age 7, while the mean 10 for the children was average, some were severely mentally challenged. Tis
worth noting, researchers found the children’s Qs are greater on average than their mothers, since the
mothers’ mean Q was 85,

Cotumbia study researchers also published correlations between various neurodevelopment or health
effects in the study children with other factors such as phthalates, polyeychic aromatic hydrocarbons,
and second-hand tehacoo smoke.

Alternate explarations for claimed health effects

42
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While the Cotumbia researchers attribute some correlations of lower test scores with higher chiorpyrifos
fevels, correlation alone doss not prove cause and effect, and 8 causal relationship. Further, EPA aven
admits, there is no biologioal explanation, despite numerous sttempts to identify one, of how the action
of chlorpyrifos in the body would affect neurcdevelopment at low levels. The well-doctumented effect
for chiorpyrifos is cholinesterase inhibition not neurcdevelnpmental effects. Extensive research in both
hurnans and antmal clearly show there is no biplogical plausibility to the claim of 3 cause and effect
between exposure 1o chlorpyritos and findings reported in the Columbia study,

it is important to understand that many faciors can influence childhood development ~ both for better
o worse and could also be correlated with the effects reported.

»  Characteristics at birth, with gestational age {being born (oo sarly} being most notable among the
explanations for the effects on the test scores reported. Differences in as little as ong week in
gestational age have been shown 1o be linked to adverse outcomes in infant and child development,
including lower scores on Bayiey scales of mental and motor development. Gestational age proved
1o be & strong covariate in several of the Columbls articles. Yet, there is no indication the
gestational age was acurately measured and experience shows that it can be off by move than b
days 40% of the time,

s NMutritional deficiencies such as lack of lodine, vitamin D, vitamin 8, and fron or unhealthy dists as
well as excessive intake of sugar and fat,

= Exposure {0 other materials in the environment such as heavy metals and solvents,

s Other issues such as living in settings of violence, drug abuse and other stressors such as maternal
stress, bergavement, and degression can also result in decrements in neurcdevelopment.

s Corwversely, activities as simple as reading aloud have besn shown 1o Improve (251 50015,
Most of these factors were unmessured in the Columbia study, but are important in understanding the

underlying factors of childbood development. These altemate axplanations need 1o be fully considersd
arad accounted for when attempting to establish any causation

Authors: Carol L Burns, MPH, PRD, Fellow ACE), George R Oliver, PhD{Dow AgroSciences)
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IV, Briel: Reproducibility is critical for determining scientific validity., Lack of
consistency with other epidemivlogy studies challesges rather than supports Columbia study
Findings,

Background

The US EPA has rebied primanly on the Columia Center for Children’s Environmental Health
emdemiclogy study ("Columbia study™) to suggest that exposures to chlorpyrifos below the
current regulatory endpoint wway result in newrodevelopmental {fﬁ‘é@f“ in infants and children.
EPA references papers from two other epideruology studies (M Smat and CHAMACOB) ag
also claiming neurcdevelopmental outcomes associated with chlorpyrifos and thereby
strengthening the validity of the Columbia study claims. Two other studies (HOME and
PELAGIE) are also now being cited.

Concusions

The neurodevelopmental outcomes have been over-generalived across studies. The speaific
results are not reproduced from the other studies, which challenge the claim of a Hink between
newrodevelopment effects and chlorpynifos exposures. In et the following discussion shows
that ¢ vaa\dcm“ wn ot the findings in fofad goress these studigs does not support and even counters
such 8

Epidemiclogy studies

The Columbia study relied on measurernents of chlorpyrifos, along with other chemieals, in
31{3{'}3 at hirth from a group of inner city Wew York Ciy mothers and their chuldren born bebween

1998 and 2003, The study followsd various characteristios in the children later in Dty with
mudtiple publications. The M Sina study was also based in New York Ot j CHAMACOS i
California, the HOME study in Chie, and the PELAGIE study in France, These four studies
used urinary metabolifes of organophosphate insecticides, potentially izmiudmg but net hmited o
chiorpyrifos, to estimate posticide exposure.

Heproducibility of results is the hallmark of the sclentific method

Coproducibility 18 cruclal o giving credence (o soientific observations. Even research of th
highest quality may have irreproducible findings because of random or systernic error.| Since it
impossibie to measure and control for 21 factors that may relate to health effects,

eptdemiology studies can have {alse convlusions. There arg many examples of specific food
itemny that have been touted as healthy inone study and harmiul in another, Sglentists, thereforg
fook for consistency of resulls in more than one study,

st <
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{ onsistency is built on the findings for the same exposure and same effect

The defimtion of consistency across studies has led to controversy, Some claim that any
observed health effects from these epidemiology studies support these reporied in the Columbia
study sinos they are all chrldhood newrodevelopmentad effects. Tmporantly cutcomes hike autism,
hyperactive behavior and low intelligence, are all very different. Secondly, assoctations with a

class of msecticides do not implicate a specific inseotnide, such as miormrifm The credibalety
of a frug association ian doubl hecause the spidenuiology siudies don't link the same exposure
and same effect,

As a specific example, all five studies administered an 1 test to the children” The test has
several compoenents, such as Working Memory, Verbal Comprehension and Processing Speed,
Ki‘za? igather maks;it up the overall Full-Scale 1(G score. A summary of these publications 1s shown

nthe Table ™" Since the Columbia study reported Working Memory and Full-Scale 1 to be
mxfargeiy assnciated with chiorpyrnifos levels, 1t makes sense 1o see 1 other studies can =’apmdua<f
this result,. Loo *”3 crudely at only abselute relationships {Girection of scores, Le does the score
inereass or decreas Eroﬁ* tedt o mi?*i across studies, the results do not show consistency. Some
seores decrpase w 1?*’; mereasing exposure levels and other scores wnorease.

A more robust manner o cornpare studies 13 o look for statistical sigraficance. Ths caleulation
incorporates the size of the study and strength of the association. Scientists use this caleulation
10 determing the role of chance 1o say ifan association € true or vandom. As shown helow, the
Columnbia study observed & supmficant assoctation with chlorpynifos and Working Memory
scorss. Mt Sinal and CHAMACOS also reported a decrease in Working Memory scores, but
neither found the finding was statistically significant, While CHAMACOS also rﬁpoﬂm

torderling statistic rﬁ «gfvm‘ cance Tor degrsase in Full 1O scoves, M Sina and HON
not. When consident { ical testing in total across all studies, the other studies ;‘i{_? nd
supnort or ephcate ha Columbia outcomes,

ey did

[3)

Conclusion.

The publication by the Columbia University generated the hypothesis that 3& els of ¢h Es%myr fois
in blood at birth were associated with lower 1Q and working memory scores n chuldren. 3
other studies bove not consigtently reported similar results for in wiero chlorpyritos saposurs and
childhood intellizsnces,
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Comparison of results for § epideminiogy studies
Reores Columbia Wit Sinal | CHAMACOS HOME PELAGIE
{age T} {ages 6-9) {age T) {age 5) {age 6)

Working Decreased | Decreased Decreased Mot tested increased
MeMOry

Was the finding Yes Mo No Not tested No
statistically

significant?

Columbia Mt Sinai | CHAMACOS HOME PELAGIE

Processing increased Decreased Decreased Mot Not
speed reported reported

Was the finding i No Yes Not Mot
statistically reported reported
significant?

Columbia Mt Sinal  CHAMACOS HOME PELAGIE

Full Scale 1Q | Decreased | Decreased | Decreased Increased | Notreported
Was the finding Yes No Yes® Mo Not reported

statistically
significant?
s (LOE (ot significant) moone analyss and p= 005 {smatisucally signific

1} i ancther analyus,

Authors: Carol 1 Bums, MPH, PhD, Fellow ACE {Burms Epidemiclogy Corsulting, LLOY,
Creorge R Obiver, PhD {Dow AgroSciences). June 2018
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